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The prevalence of overweight (OW) and obesity (OB) has escalated throughout the 
world over the last decades, both in children and adults. Childhood OB is a major risk 
factor for adult OB and the subsequent increased risk of major morbidities secondary 
to OB. Consequently, research on prevention and early interventions play a key role 
in order to understand how to curtail this epidemic. To be able to prevent or treat OB 
in childhood, it is crucial to understand the complexity of causes and risk factors, 
such as effects of societal and family contributors and psychological mechanisms.  
Aims:  
The overall aim of this thesis was to investigate associations between the 
development of unhealthy weights in early childhood and family- and child-related 
health and behavioural factors, and to test the effect of an intervention program to 
curtail OB in this age group.  
Methods:  
The study was based on the Oppland Health and Growth Study (OHGS), which is a 
cross-sectional study of all the children in the county who met for the school entry 
health assessment at 5-6 years of age in 2007. Height and weight were measured by 
midwives at birth, and later by public health nurses and study nurses. Parents of 
consenting families completed questionnaires on sociodemographic and family- and 
child-related health and lifestyle factors. They assessed their child’s psychological 
health with the Strength and Difficulties Questionnaire (SDQ). The public health 
nurses reported age, sex, height and weight anonymously for the children of families 
who declined to participate. 
In two of the papers we explored the associations between the background factors and 
the weight categories underweight (UW), overweight (OW) and obesity (OB) of the 
children at school entry. Children with normal weight (NW) were the reference.  
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In the third paper, we investigated the effect of a three-year multidisciplinary 
intervention programme to curtail OB. The program was group-based and only 
addressed the parents. We recruited children with OB, mostly from the OHGS, from 
eight of the municipalities for the intervention, while the rest of the OHGS cohort 
with OB served as controls without any interventions. The main outcome was the 
change in body mass index standard deviation score (BMI SDS) over the three years. 
Within the intervention group we also measured skinfolds, waist circumference and 
6-minute walk test and assessed potential success factors based on the initial 
measurements and the background variables.  
Results:  
The prevalence of UW, OW and OB was 7.8 %, 10.6 % and 3.5 %, respectively, at a 
mean age (standard deviation -SD) of 5.70 (0.49) years. The parents of 1119 of 1895 
eligible children (59%) gave consent and provided background information. The 
prevalence of UW, OW and OB was slightly lower among the participants. 
In bivariate analyses, UW was related to weight, weight SDS and BMI SDS at birth, 
and BMI of parents and siblings, but none of the sociodemographic or behavioural 
factors. OW and OB were related to low education and high BMI of parents, mother 
smoking and having no siblings. In addition, OB was related to exclusive 
breastfeeding less than 4 months, dental caries, less physical activity than peers, TV 
in the child’s bedroom, father not working, non-western ethnicity, and living with one 
caretaker.  
In adjusted analyses, UW was only related to the children’s crown-heel-length-SDS 
and the BMI of the father. OW was associated with birthweight SDS, parental BMI, 
having no siblings, low maternal education and maternal smoking, and OB to 
maternal BMI, low maternal education and maternal smoking. The relative risk of 
overweight or obesity (OWOB) increased with increasing strata of low education and 
OWOB in the parents.  
Psychological symptoms, as assessed with the SDQ, had curvilinear associations 
between mean scores on the SDQ subscales Emotional Problems and Peer Problems, 
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with higher scores for UW and OB and nadir for normal weight (NW). Furthermore, 
the Total Difficulties score (TDS) and Total Difficulties above the 90th percentile 
(TDS90) had similar patterns, and with significantly higher scores for children with 
UW and OB than NW. However, TDS90 was only significantly associated with UW 
after adjustments for the socioeconomic and lifestyle variables, and for the children’s 
difficulties with sleep or fine motor, language or social skills.  
In the intervention study, 31 children completed the intervention and 33 the control 
period. The median decline in BMI SDS was the same in both groups (0.19 BMI 
SDS). A higher BMI SDS at entry was similarly associated with a larger decline in 
BMI SDS in both the intervention and control group. None of the other relevant 
variables were related to the outcome. Within the intervention group, only age and 
mean skinfold SDS at entry were significantly related to change in BMI SDS.  
Conclusions  
Since environmental factors were associated with OW and OB, but not with UW, we 
suggest that the environmental factors were the most important risk factors for OW 
and OB in preschool children. UW, but not OW or OB, was associated with 
psychological symptoms after adjusting for environmental factors. Our interpretation 
is that psychological symptoms were neither a cause nor a consequence of OW or 
OB, while psychological difficulties may be a cause or a consequence of UW. A 
three-year multidisciplinary intervention programme had no effect over no 
intervention on the development of BMI SDS. Hence, early prevention is of vital 
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1.1 Background for the study 
Over the last decades, the rates of overweight and obesity (OWOB) have been 
increasing throughout the world. The World Health Organization (WHO) have called 
this an epidemic [1], and OWOB is the cause of death of over 4 million people each 
year according to the Global Burden of Disease [2, 3]. The OWOB epidemic started 
in the high-income countries, but over the last years, the problem has been rising in 
the low- and middle-income countries [4, 5]. The low-income countries have a double 
burden of both malnutrition and obesity (OB), and it is now estimated that there are 
more people with OWOB than underweight (UW) in most regions of the world, 
except parts of Sub-Saharan Africa and Asia [6].   
The OWOB epidemic also involves children [4]. During childhood, OWOB is 
associated with significant somatic and mental health challenges [7-10]. Maybe more 
important, OWOB during childhood is a major risk factor for adult OB and the 
subsequent increased risk of major morbidities secondary to OB, such as diabetes, 
cardiovascular diseases, musculoskeletal and mental diseases, and premature death 
[10-15].  
Since OWOB in childhood is an important risk factor for OWOB in adulthood, 
research on prevention and early interventions at a time when children develop an 
unhealthy weight trajectory play a key role in order to understand how to curtail this 
epidemic. To be able to prevent or treat OWOB in childhood, it is crucial to 
understand the complexity of causes and risk factors, such as genetic predispositions, 
effects of societal and family stressors, psychological mechanisms, and mental health 
issues that are probably important, but poorly understood [16-18].  
So far, intervention studies in childhood OB have had limited success [19-23]. Many 
of the studies had short follow-up periods and high risks of bias. Family-based 
 16
interventions addressing combinations of physical activity, nutrition and other 
behavioural components have shown the most promising results [23].  
The significance of UW is extensively studied in relation to anorexia nervosa and 
bulimia nervosa in older children and adolescents [24-26], but has received little 
attention in young children except in the context of diseases, undernutrition and 
malnutrition.  
1.2 Definitions of overweight (OW), obesity (OB) and 
underweight (UW)  
OW and OB may be defined as an excessive amount of fat in such a way that it 
represents a health risk, as stated by WHO [1]. The normal amount of fat mass and fat 
free mass in the body vary with gender, age, genetic factors and fitness.  
There are many different ways to measure fat mass, but there is currently no 
consensus on the best method. So far, Dual energy X-ray absorptiometry (DXA) has 
been considered the best method to measure body composition in some studies [27]. 
Magnetic resonance imaging (MRI), computerized tomography (CT), under-water 
weighing, bioelectrical impedance analysis,  air displacement plethysmography, and 
several other methods are also being used [28]. These methods are, however, 
expensive, cumbersome and not easily available, and therefore mainly used in 
specific research settings. Body fat reference curves have been developed on basis of 
measurements by bioelectrical impedance, also for children [29], but to my 
knowledge, it has rarely been used in published in epidemiological studies. 
However, the international definitions of OWOB are based on body mass index 
(BMI) defined as the weight (in kg) divided by the square of the height (in meters, 
BMI=kg/m2). In adults, OW and OB are defined as a BMI of at least 25 and 30, 
respectively [1]. Because children are growing and the body shape is changing 
throughout childhood, the definitions of OW and OB depend on the age and sex of 
the child. The International Obesity Task Force (IOTF) has published percentiles for 
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BMI and cut-offs for OW and OB in children adjusted for age and sex [30, 31], and 
these limits are now incorporated in the Norwegian BMI percentiles charts [32, 33]. 
The United States and some other countries use definitions based on percentiles in 
BMI growth charts, where a BMI above the 85th percentile is defined as OW and a 
BMI above the 95th percentile as OB [34]. The WHO has also developed a definition 
of childhood OWOB based on Standard Deviation Scores (SDS) [35], where OW is 
defined as more than one standard deviation (SD) above mean and OB as above 2 
SD. However, the IOTF cut-offs are the most frequently used.                                        
The BMI definitions for OWOB in childhood are internationally accepted and widely 
used. Nevertheless, BMI does not differentiate between fat and fat free mass, and 
offers no information on fat distribution. However, high BMIs are closely correlated 
to high fat mass [36-38], and studies indicate that BMI has high specificity, but low 
sensitivity to detect excess adiposity [39]. BMI is considered a fairly good measure of 
OWOB in a population setting, but might be misleading on an individual basis. For 
instance, children with high muscle and bone mass may have a relatively high BMI 
without significant adiposity, and tall children have systematically higher BMIs than 
children of average height [40]. It has also been shown that some ethnicities, like 
Asians, may have higher fat mass at a lower BMI than Caucasians, questioning if 
Asian should have their own definitions for OWOB [41]. Despite all these 
uncertainties, BMI currently appears to be the best available method to define OW 
and OB, and the international definitions make it easier to collaborate in research. 
Assessment of BMI is also non-invasive and cheap, and is already a part of the child 
health care programs in most countries.  
Definitions of underweight (UW) in childhood adjusted for age and sex, were 
published in 2007 [42] and are also incorporated in the Norwegian growth charts [32, 
33].  
It is crucial to monitor the height and weight in children, as many different diseases 
and conditions may affect linear growth and weight. Many countries, like Norway, 
follow almost all children in child health care clinics and through school programs, 
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and they have their own growth charts. In Norway, OB or UW in childhood were 
previously assessed by plotting the weight in relation to height and age on a 
percentile chart [43]. The WHO has constructed percentile charts for 0-5-year-old 
children based on studies of breastfed children in six countries thought to be 
representative for children throughout the world [44]. However, there is evidence that 
the natural growth of children in some countries deviate from this pattern, including 
Norway [45-48]. Consequently, there is still an ongoing debate on whether to use 
national or international references. It might be appropriate to use national references 
to monitor the growth of the individual child, and international references on a 
population basis and in research.  
1.2.1 BMI Standard deviation score (SDS) and BMI increments  
The BMI SDS are age- and sex-adjusted values that describe the distance from the 
mean divided by the standard error. Since BMI SDS is age-adjusted, it is generally 
accepted as a sensible way to follow a child’s growth, and some argue that this 
parameter is the best available to predict fat loss [49]. On the other side, some studies 
have shown that the BMI SDS has limitations for the children with severe OB [50]. A 
certain percentage above BMI limits, like the IOTF limit for OW, has been suggested 
as an alternative method [51].  
BMI increments represent the change in BMI over time, such as yearly. An annual 
increase  of more than two standard deviations have been associated with a rapid 
increase in body fat mass [52]. Conditional change in BMI SDS might be an 
alternative method to assess the BMI changes [53].  
1.2.2 Waist and skinfold measurements 
Waist circumference (WC) represents central adiposity and is closely associated to 
OB. Some studies have shown that WC is more strongly associated to fat mass and 
cardiometabolic risk than BMI [54, 55]. WC is a simple and non-expensive 
examination, but there might be significant inter- and intra-examiner variation. 
Norwegian WC percentiles with cut-offs for OW and OB were published in 2011 
[56].  
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Waist-to-height ratio (WHtR), the ratio between the WC and height, is also strongly 
related to OWOB and fat mass [57-60]. In adults, a ratio above 0.5 has been 
suggested as a definition of OB, while there is no such consensus for children. 
However, there are Norwegian references for children [56]. 
Skinfolds, both triceps and subscapular, represent subcutaneous fat, and have been 
shown to represent body fat mass as well [61]. Nevertheless, skinfold measurements 
are technically difficult and measurements are prone to be inaccurate. Some studies 
have shown that BMI is equally precise in order to assess excess body fat [62]. 
Norwegian references were published in 2013 [63]. 
1.3 Prevalence   
The explosive increase in OWOB in the world is alarming. According to the Global 
Burden of Disease, the global prevalence of OWOB in adults was 29 % in 1980, rising 
to 38 % in 2013 [4]. Worldwide, the prevalence of OB has nearly tripled since 1975, 
and according to the WHO, most of the population in the world live in countries where 
the mortality from OW and OB exceeds the mortality from UW [64]. In some countries, 
more than 50 % of the adults have OB [4]. The increase of OWOB in children has been 
equally alarming. The prevalence of OW or OB among children in high-income 
countries was 23 % in 2013 compared to 16 % in 1980. For children in low- and middle-
income countries the prevalence increased from 8 % to 13 % during the same period 
[4]. The global prevalence of OWOB in children has increased more than four-fold 
from 1975 to 2016, i.e. from 4 % to 18 % [6], and the WHO estimated that there are 
currently 38 million children under the age of 5 years with OWOB in the world [64].  
The rapid rise in the prevalence of OWOB started in the high-income countries, but 
during the last two decades the increase has been more severe in the low- and middle-
income countries. The low- and middle-income countries face the double burden of 
both malnutrition and OWOB, and malnutrition can even affect the persons with OW 
and OB because of high intakes of energy-dense food that are low on essential 
nutrients.  
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In Norway, the prevalence of OB was 5 % for men and 13 % for women in the 1960s 
[65], but has increased to around 25 % of the adult population during the last decade 
[66, 67]. The prevalence among Norwegian children has also increased [68], and 
around 15-20 % of the children are now OW or OB. The prevalence vary with age in 
that around 15 % of 8-9 year-old children [69] and 20-28 % of adolescents [70, 71] are 
OW or OB. Norwegian data from the National Institute of Public Health are part of the 
WHO Childhood Obesity Surveillance Initiative, where we see a North-South gradient 
with a higher prevalence in the southern part of Europe [72, 73]. In some countries, 
like Norway, the prevalence of OWOB in childhood might have reached a plateau 
during the last decade [69, 74].       
1.4 Causes  
The logical background for OWOB is an excess of calories where the intake of 
calories over time exceeds both the basic metabolism and the calories burned through 
physical activity.  The reason for this surplus energy is, however, much more 
complex, with a variety of intertwining risk factors.  
1.4.1 Genetics 
From twin- and adoption studies it has been estimated that 40-90 % of the variation in 
BMI is explained by heritable factors [75, 76]. There is also strong evidence for an 
interaction between genetic and environmental factors.  
In rare cases, a single gene disorder is the cause of OWOB. The most common is a 
mutation in the melanocortin 4 receptor (MC4R) gene. In some studies persons with 
this genetic characteristic account for up to 5-8 % of adults and children with morbid 
OB [77-79]. Mutations in the leptin gene, the leptin receptor gene, the 
proopiomelanocortin (POMC) gene and the prohormonconvertase 1 (PC1) gene 
account for some of the other known single-gene defects in obesity, and all these 
possible mutations are involved in the regulation of appetite [80]. Children with these 
single gene defects usually develop OB at a very young age, as well as taller-than 
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average height and other more specific symptoms and signs in each of these 
mutations.  
Several monogenic syndromes include OB as one of the clinical findings; the most 
common of them is the Prader Willi syndrome [81]. OB may also be a part of other 
and more common syndromes, like Down syndrome (trisomy 21).  
However, the main genetic contribution to OWOB involves polygenic inheritance, 
also called common obesity. The complexity of the polygenic inheritance of OW and 
OB is not yet fully understood, but some of the genes and mechanisms have been 
discovered. The FTO-gene (fat mass and obesity) on chromosome 16 is one of the 
best documented genes associated with OB [82, 83], and studies have estimated an 
odds ratio of about 1.5 for the homozygote of this gene to be OB [83]. So far, more 
than 200 genetic loci have been linked to OB [84, 85]. 
The complex interaction between genes and environment is expressed through 
epigenetic mechanisms, where environmental influences change the gene expression. 
There are several studies suggesting that epigenetic changes, like deoxyribonucleic 
acid (DNA) methylation, is associated with OB [84, 86].  
1.4.2 Obesogenic environment 
During the recent few decades, the society has changed markedly in terms of 
availability of energy dense food and snacks and sugar sweetened beverages, and in 
terms of decreased needs of physical activity. People drive instead of walk even on 
short distances, and the majority of work is sedentary. All of these changes are part of 
the term “the obesogenic environment” [87], where the environment promotes 
unhealthy choices. Combined with genetic vulnerability, today’s society encourages 
weight gain.  
Daily physical activity has decreased because most work is less physically 
demanding and most transportation is motorized. Schoolchildren also spend most of 
their days sitting in the classroom. The Norwegian Directorate of Health recommends 
one hour of daily physical activity for children and at least 150 minutes of moderate 
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activity per week for adults [88]. About 80-90 % of Norwegian children in primary 
school meet the recommendations, as opposed to only 50 % of the 15-year-olds and 
30 % of adults [89]. Studies suggest that physical activity during leisure time has 
increased, but still the majority of the adolescents and adults in the world are mainly 
inactive [90]. Studies have shown that children with OW and OB are less active than 
other children [91-93], but to what extent less activity predisposes to OB or is a result 
of OB is not clear.  
As physical acidity has decreased, screen time has increased both at home and in 
schools. Many municipalities in Norway distribute lap top computers or tablets to all 
the children in primary school for homework and work during school hours. In 
addition, an increasing number of children have their own cell phones, many of them 
as smart phones. These changes encourage screen time, and many studies have shown 
that screen time is associated with OWOB in children [94-96].  
During the last decades, the food intake has shifted to more energy dense food, fast 
food, snacks and sugar sweetened beverages, and these changes may be one of the 
main drivers of the obesity epidemic [97-99].  However, during the last couple of 
decades, the artificially sweetened beverages have gained popularity, and since year 
2000 the sugar intake has decreased and subsequently stabilized in Norway [89]. The 
eating habits differ across Europe [100], and both from comparisons between and 
within nations the significance of nutritional habits to OB is unquestionable. It is not 
clear, however, which of the unhealthy eating habits that have the largest impact on 
weight [101].  
1.4.3 Socioeconomic factors 
Several socioeconomic factors are associated with childhood OWOB. The parents’ 
level of education is an important indicator of socioeconomic status (SES), and low 
education is strongly linked to childhood OB in high-income countries [102-104].  
Household income and parental employment are other important SES factors, and 
both are inversely associated with OWOB in high-income countries [102]. In 
Norway, several studies have documented the association between SES and 
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childhood OWOB [95, 105-108]. In low-income countries the association is the 
opposite in that OWOB is related to high SES [109].  
The drivers of this strong association between SES and OB are probably complex. In 
areas with high SES the citizens have purchasing power to make healthy dietary 
choices [95, 105, 110, 111] and opportunities to engage in physical activities in 
suitable arenas [105, 112, 113]. Their higher education and economic privileges give 
them opportunities and create willingness to change behaviour according to medical 
advice on nutrition, physical activity and on, for instance, limiting screen time [95, 
105, 110, 112, 113]. 
1.4.4 Family relations and anthropometrics 
The family is an important basis of growing up. A loving family with healthy eating 
habits, active living, appropriate boundary settings and good psychological support 
facilitates the raising of healthy and robust children. Divided and blended families are 
frequent in today’s society, and may cause several challenges for both parents and 
their children. Single caretakers might have demanding everyday lives, both 
economically, physically and psychologically. To experience a parental divorce 
might also cause psychological stress for the children, which may lead to different 
eating patterns like over- or undereating. Many studies have shown that single 
parenthood is associated with childhood OWOB [114-116]. Having siblings seem to 
decrease the risk of being OW or OB [106, 117].  
Parent OW and OB are among the strongest risk factors for childhood OWOB [76, 
114, 116, 118-120]. The reasons are probably genetic susceptibilities combined with 
the family’s habits in terms of diet and physical activity. The intrauterine 
environment may also be of significance since being born large for gestational age 
(LGA) as well as small for gestational age (SGA) seem to increase the risk of later 
OWOB [121-123].  
1.4.5 Urbanity 
Norway covers an area of 323 778 km2, but permanent living quarters and industries 
cover only 1.7 % of the land area [124]. Of the total population, 82 % live in urban 
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settlements [125]. Oppland county has only two small cities with a population of 
25.000-30.000 in each, but 59.3 % of the people live in densely populated areas 
[125]. Several studies have found that OWOB in children is more common in rural 
than urban areas in high-income countries [108, 109, 120]. As for SES, the 
association between urban living and childhood OWOB in low-income countries is 
opposite to that of high-income countries [64, 109, 126].  
1.4.6 Mental health 
Several studies have shown a correlation between psychological health and OW and 
OB in children and adults, but the direction of the association is unclear. Both 
depression [7, 17, 127, 128], poorer quality of life [7, 129], lower self-esteem [7], and 
behavioural and emotional problems [7, 130] seem to be associated with OWOB. 
Studies on relationships between attention deficit hyperactivity disorder (ADHD) and 
OWOB are conflicting in that ADHD is associated with OWOB in some [131], but 
not in other studies [132, 133]. Few studies have explored relationships between 
psychological symptoms and UW in children.   
1.5 Consequences  
OW and OB in childhood are a major risk factor for OB in adulthood. This tracking 
of OWOB into adulthood has been documented in several studies [13, 134-137]. 
Many of the possible consequences of OWOB may not emerge until adulthood, but 
an increasing number of children and adolescents have experienced early somatic 
complications as the OB epidemic has proceeded [8, 9]. Cardiovascular disease is an 
important complication of OB [10, 12, 14, 135], but some studies have found that the 
risk of cardiovascular disease for adults who had NW, but had OB in childhood, was 
similar to the risk for adults who had NW both as adults and in childhood [135]. 
Diabetes type 2 [15, 138] or reduced insulin sensitivity are also frequent 
complications of OB,  as well as musculoskeletal disorders [139], liver steatosis[138], 
sleep apnoea [109], asthma [140] and certain types of cancer [109]. Some studies 
indicate a U-shaped relationship between BMI and morbidity [141]. One study found 
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that poorer global health and special health care needs were associated with UW at 
preschool age, but with OB in older children [142].  
The psychological health might also be affected by being OW or OB, and reduced 
psychological wellbeing is often the first consequence of OWOB in childhood [7, 10, 
130]. For instance, children with OWOB are at higher risk of being bullied [143]. It is 
not clear, however, to what extent psychological problems may be a consequence or a 
precursor of OW and OB [7, 18, 144]. 
1.6 Prevention and treatment 
Treatment of OW and OB is difficult. The tracking from childhood to adult OB, and 
the potential consequences of OB, make it especially important to try to prevent and 
curtail OB during childhood. For children with OW or moderate OB it is usually not 
recommended to lose weight, but rather to stabilize the weight and thereby “grow 
into” their increasing height. At least theoretically, early childhood ought to be the 
most important age for prevention and early treatment since the parents are 
responsible for the food available in the house and for establishing an active and non-
obesogenic environment.  
Prevention and early treatment are the internationally recommended primary 
approach to avoid preventable diseases, such as OB and consequences of OB. This is 
particularly relevant for OB since treatment of OB during late childhood and 
adulthood by ways of changing habits has proven extremely difficult [145]. Mark 
Hanson has illustrated this approach with reference to OB (Figure 1). As age and 
severity of a disease increases, the possibility of obtaining an effect on morbidity and 






Figure 1. Mark Hanson. In: Nurturing Human Capital along the Life Course: 
Investing in Early Childhood Development, World Health Organization, Geneva 
2013 [146]. Reprinted with the permission of the author. 
 
However, interventions to curtail OW and OB, even in childhood, have so far had 
very limited success [19-22]. Some interventions in childhood and adolescence have 
had some short-term effect [147], but several Cochrane reviews have concluded that 
many studies are of poor quality and with too short follow-up periods to be 
conclusive in situations where some effect was obtained [19-22]. Family oriented 
interventions have been the most promising strategies, and the most successful 
interventions target behaviour, in particular related to both diet and physical activity 
[19, 20, 22]. Some studies show better results of interventions in younger than older 
children [148], but few studies have addressed very young children, e.g. at preschool 
age. Nevertheless, there is no consensus on either the content, intensity or duration of 
the interventions, or on the specific goal for the interventions. Any reduction in BMI 
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SDS might be clinically beneficial for the individual child, but the necessary BMI 
SDS reduction to improve comorbidities is not clear [149]. One study showed 
improvement in metabolic health from a BMI SDS reduction of ≥0.25, but a higher 
benefit with a BMI SDS reduction of ≥0.50[150]. A Norwegian study reported lower 
serum cholesterol levels with a BMI SDS reduction of <0.1 units [151].  
Pharmacological options to treat severe OB do exist [152, 153]. In Norway, the drug 
Orlistat, which inhibits lipase and increases faecal loss of triglycerides, is the only of 
the available drugs approved for children, but only from 12 years of age. Studies have 
shown moderate positive results, but unwanted side effects are quite common [153, 
154]. The treatment appears to be rarely used in children in Norway. A Cochrane 
review concluded that these drugs might have a short-term benefit, while long term 
data are non-existing [153].  Bariatric surgery is not an option for the youngest 
children, but there are countries and studies who include adolescents under the age of 
18 [152, 155]. In Norway, the ongoing study 4XL offers bariatric surgery for 
adolescents aged 13-18 years with morbid OB, but only after extensive investigation, 
information and selection [156]. So far, studies on bariatric surgery in adolescents 
have shown promising results on BMI reduction and improvement in comorbidities, 
but side effects might be concerning, and further research is needed to examine long-
term effects [155, 157].  
Since childhood OB is difficult to reverse, primary prevention is probably a better 
strategy. The number of interventions to prevent OB are rapidly increasing. These 
programs may involve children of all weight groups [158]. The latest Cochrane-
review suggested that interventions combining diet and physical activity can reduce 
the risk of OB in young children (0-5 years), while interventions focusing on physical 
activity or diet alone had no effect in this age group [158]. For older children (age 6-
12 years) and adolescents (age 13-18 years) interventions focusing on physical 
activity alone, but not on diet alone, seemed to reduce the risk of OB, while there was 
some evidence that the combination of focus on diet and physical activity reduced the 
risk of OB. The review found no reports on adverse effects or increasing health 
inequalities from the interventions.  
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The WHO has suggested several steps towards halting the rise in childhood OB, and 
most of these steps are preventive measures [159]. Societies have mostly focused on 
the individual responsibility and recommended individual changes in behaviour, in 
particular related to diet and physical activity [160]. However, to curtail this 
epidemic, the whole society needs to take additional responsibility in promoting 
national and international actions to tackle the obesogenic environment [160].  
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2. Aims of the study 
The overall aim of the study was to investigate associations between the development 
of unhealthy weights in early childhood and family- and child-related health and 
behavioural factors, and to test the effect of an intervention program to curtail OWOB 
in this age group.  
The specific aims were to examine: 
 Risks of developing early UW, OW or OB related to prenatal exposures, birth 
anthropometrics and exposures to socioeconomic and family- and child-related 
health and behavioural factors.  
 The significance of psychological health related to UW, OW and OB in 
preschool children. 
 The effect of a long-term multidisciplinary and family-oriented intervention 
program to curtail OB in preschool children.  
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3. Hypotheses 
 Most previous studies on potential causes of unhealthy weights have been 
conducted in older children and often in societies that may have less 
comprehensive and standardized family- and child-related prophylactic care 
than Norway. Factors related to the early development of unhealthy weights in 
Norway may therefore differ from those of other studies. New insights may 
extend our understanding of the development of unhealthy weight trajectories 
and new ways of prevention and treatment. 
 Since interventions to curtail OB in old children have had limited success, we 
hypothesized that an intervention before entering school may be more 
effective since parents have more control of children’s behaviour at that age. 
We further hypothesized that a multidisciplinary long-term program 
addressing parents in a group-based setting where parents could learn from 
each other and have a major impact on inputs from the professional team, may 
be more effective than most previous programs.     
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4. Methods  
4.1. Study populations 
4.1.1. The Oppland health and growth study (OHGS) 
Oppland County, Norway, was one of 20 counties in Norway in 2007 and had 
approximately 183 000 inhabitants at the time of the study. The county has two cities 
with a population of 25000 - 30000 in each (Lillehammer and Gjøvik), and was 
otherwise rural with towns of variable sizes.  
In 2007, the public health nurses were asked to invite all families of children entering 
primary school in the county to be part of the OHGS at the routine health assessment 
before entering school.  Almost all the children attend this assessment. Oppland 
consisted of 26 municipalities of variable sizes, and the participation rate varied from 
20-85 % in the different municipalities. One of the municipalities had no participants. 
In total, 1119 of 1895 eligible families (59%) joined the study. The children were 5-6 
years old at inclusion. They were born in 2001, except that two were born in 2002 
and 47 (4 %) in 2000. For the children of families who declined to participate, the 
public health nurses reported sex and current height and weight anonymously to the 
research team.  
The parents who agreed to join the study, signed a written consent, which included 
the completion of a questionnaire addressing family- and child-related factors 
concerning health and lifestyle, and permission by the public health nurses to report 
all anthropometric measurements obtained from birth to the current health 
assessment, and age, height and weight from the scheduled health assessments 
through primary school. The mothers who gave birth in Oppland county, were also 
asked for permission to obtain data on maternal health, pregnancy and the newborn 
child’s characteristics from the Oppland Perinatal Database (OPD, see section 4.1.3).  
The questionnaire completed by the parents was quite extensive, and contained 
questions on sociodemographic factors, the family’s and child’s somatic and mental 
health, chronic diseases, and lifestyle and habits related to nutrition and physical 
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activity. Most of the questions were equal to or adapted from variables of various 
Norwegian and international studies, e.g.  the Norwegian HUNT-study [161], the 
Bergen Growth Study [162], The health inquiry on children in Hedmark and Oppland 
[163],  and the International Study of Asthma and Allergies in Childhood (ISAAC) 
[164] (See Appendix). Mental health of the child was assessed with the Strengths and 
Difficulties Questionnaire (SDQ) completed by the parents [165]. 
4.1.2 The intervention study 
Children in the OHGS study with weights of at least 1 kg above the 97th percentile for 
weight related to height were regarded eligible for the intervention study. At that 
time, BMI percentiles were not in use at the child health care clinics in Norway, but 
this criterion almost concur with the IOTF definition of OB [30], although some of 
the children had a BMI barely below the IOTF OB limit. The public health nurses in 
the eight municipalities situated closest to the two hospitals in the County (Gjøvik, 
Lillehammer, Øyer, Østre Toten, Vestre Toten, Gausdal, Gran and Sør-Fron) were 
asked to invite the families of eligible children to the intervention program while 
eligible families in the other municipalities served as controls without any 
interventions. We elected to recruit families on basis of municipality instead of 
individual randomizations independent of municipality to avoid contamination from 
overflow of information within municipalities, and also because most municipalities 
were located far from the hospitals (Gjøvik and Lillehammer) where the intervention 
program was conducted. The eight municipalities were chosen for practical reasons 
due to closeness to the two hospitals. The intervention municipalities had 
approximately 60 % of the population in the county. Children in the other 
municipalities who fulfilled the inclusion criteria and eligible families in the 
intervention municipalities who were not referred, served as controls. The control 
group received no information about the intervention program, and had no scheduled 
appointments with health care services during the three years of the program.  
In addition to the children from the OHGS cohort, some families of children with OB 
in the intervention municipalities heard about the project and enquired about the 
possibility to join the intervention program. The families of children with an age 
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close to the age of the children of the OHGS were accepted to the intervention with 
the argument that a larger intervention group opened for a better estimate of potential 
effects.  
The comparison of anthropometric measurement between the intervention and control 
group were based on the measurements performed by the public health nurses before 
school entry and in third grade. 
 
4.1.3 The Oppland Perinatal Database (OPD) 
The Oppland Perinatal Database was established in 1989, and is a register of 
pregnancy and perinatal data. The pregnant women were included at the routine 
ultrasound screen at 17-18 weeks of pregnancy. The ultrasound screening was 
performed at the hospitals in Gjøvik and Lillehammer, and the register contains 
extensive and prospectively obtained data on maternal health, pregnancy, delivery 
and health of the newborn on nearly all pregnancies and births in Oppland County.  
The parents in OHGS who gave birth in Oppland, were asked for permission to link 
the OPD data to the OHGS data. Of 1088 families in the OHGS, 749 also provided 
data from the OPD. From the OPD we included the variables maternal age at birth, 
pre-pregnancy weight and height, pregnancy weight gain, employment and smoking 
at 18 weeks of pregnancy, and weight and length of the newborn.  
4.2 Intervention program 
The group selected for intervention (Paper III) met at the hospitals in Lillehammer or 
Gjøvik. The program was organized in cooperation with the Learning and Mastery 
Service (LMS) at the hospitals [166]. The LMSs are part of the specialist health 
services in Norway, and their role is to promote health through group-based patient 
education programs with the aim to obtain self-management for people living with 
chronic health challenges. An important ideology of the LMS is that the group 
process will identify specific challenges and needs and promote a deeper motivation 
for change. Each group consisted of 5-7 pairs of parents, and each session lasted 
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approximately 2.5 hours after working hours. Only the parents participated in these 
sessions while the children played under the supervision of a preschool teacher in 
another room. 
Nurses trained in providing guidance led the group sessions. Either a paediatrician, 
nutritionist, physiotherapist, or a psychologist contributed at each group session, 
either alone or together with some of the other professionals in addition to the nurses. 
The sessions had partly a predetermined program and partly agendas as needs were 
identified by the group. The different health care personnel gave practical advice 
regarding, for instance, nutrition and physical activity, but most importantly they 
encouraged discussions on different challenges in changing lifestyles.  
The intervention was planned to last three years. There were four meetings at the 
LMS during the first year, twice during the second and one during the third year 
(Figure 2). Between each of these sessions, the families (both parents and child) were 
invited to meet once with a trained study nurse for assessments, discussions and 
guidance.  
  




4.3 Description of variables  
4.3.1 Measurements 
Birthweight and crown-heel length of the children were measured by midwives in the 
hospital at the time of birth. The public health nurses measured height and weight at 
the school entry assessment, with children wearing light underclothes. Height was 
measured to the nearest millimetre and weight to the nearest 100 grams, according to 
national guidelines [167]. The school nurses performed the measurements in 3rd 
grade, and the children were wearing light clothes.  
In the intervention group, measurements at entry and after each of the three years 
during the follow-up were performed by two specifically trained study nurses, one at 
each site. The measurements included height, weight, triceps and subscapular 
skinfold thicknesses, WC and maximum walking distance on a 6 minute walk test 
[168]. WC was measured to the nearest millimetre, and WHtR was calculated as the 
waist circumference divided by the simultaneously measured height. For the skinfold 
measurements, the nurses used the Holtain Tanner/Whitehouse skinfold caliper 
(Crosswell, Pembrokeshire, UK) according to the same procedure as in the Bergen 
Growth Study which were published as the Norwegian references [63].  
BMI was calculated as weight/height2 (kg/m2). The standard deviation score (SDS) 
for the BMI, waist circumference, waist-to-height ratio and skinfolds of the children 
were based on current Norwegian growth references [32, 56, 63]. Current age was 
calculated from date of the school entry or school measurements and date of birth. 
Birth weight <10th percentile or >90th percentile was based on Norwegian percentiles 
[32]. 
The parents’ weight and height were self-reported, and the parents also reported the 
siblings’ weight and height. Parental BMI was classified into UW, normal weight 
(NW), OW and OB according to the WHO definitions [1]. From the OPD, pre-
pregnancy BMI was calculated from self-reported weight and height at the beginning 
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of pregnancy. Gestational weight gain was calculated as the difference between 
weight at admission for delivery (recall at 6 months post-partum) and pre-pregnancy 
weight (self-reported).  
4.3.2 Mental health 
Mental health was evaluated with the Strengths and Difficulties-questionnaire (SDQ, 
see Appendix), which is a validated questionnaire to detect mental health problems 
[165]. The SDQ has been formally translated to Norwegian and validated in Norway 
[169], and it has been used extensively. The SDQ is a 25-item list of statements with 
five items in each of the following subscales: Emotional problem Scale, 
Hyperactivity/Inattention Problem Scale, Conduct Problem Scale, Peer Problem 
Scale, and Prosocial Behaviour Scale. The score on each subscale is ranged from 0 to 
10. A sum score called Total Difficulties Score (TDS) sums up the first four 
subscales giving a range of 0-40. A high score for each of the subscales and TDS 
indicates more problems, and scores above the 90th percentile are associated with 
significant mental health problems [165]. On the Prosocial behaviour scale the score 
has the opposite direction in that lower scores indicate more concerns, and a score 
below the 10th percentile may indicate a behavioural problem. A TDS above the 90th 
percentile (TDS90) suggests an increased risk for a psychiatric disorder [165, 170]. 
On the additional Impact Scale, the parents state whether the child has any difficulties 
with emotions, concentration, behaviour or in social contact with other people, and if 
so, what impact it has on everyday life (range 0-10). 
4.3.3 Variables in Paper I 
The main outcome was the weight category defined as UW, NW, OW and OB based 
on the IOTF BMI classification at the school entry health assessment [30, 42]. The 
exposure variables were measurements at birth, pregnancy data from the OPD and 
sets of relevant variables regarding socioeconomic characteristics, somatic health and 
lifestyle factors from the parental questionnaire.  
Premature birth was defined as birth before 37 completed weeks of pregnancy. 
Breastfeeding was dichotomized as exclusive breastfeeding for at least 4 months or 
less. Maternal age at birth was calculated from the mother’s date of birth reported in 
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the questionnaire. Parental higher education was defined as one or both parents 
having education beyond high school. Physical activity was dichotomized as poorer 
vs. equal or higher than peers, where poorer meant inferior capabilities than their 
peers on at least one of the three categories frequency, intensity or endurance.   
Binary variables (yes/no) from the questionnaire were: Sex, asthma (current 
maintenance medication and/or asthma attack requiring medication after 2 years of 
age), antibiotics >3 times (irrespective of cause), dental caries, kindergarten since two 
years of age, TV in the child’s bedroom, vegetables <5 times/week, fruits <5 
times/week, sugar-sweetened beverages >1 time/week, sweets/snacks > 1 time/week, 
living in a city with > 20 000 inhabitants (urban) or not (rural), parental education 
after high school, parents working (either full-time, part-time or student), one or both 
parents from non-Western countries, living with one caretaker, having siblings, and 
mother smoking.  
For families with data in the OPD, we dichotomized gestational weight gain above 
recommended or not according to guidelines from the Institute of Medicine and 
National Research Council (USA) [171]. Smoking in pregnancy at the time of the 
routine ultrasound at week 17-19 was also dichotomized as yes/no.  
4.3.4 Variables in paper II 
This study was based on data from the OHGS. The main outcome measure was a 
“yes” or “no” on the Total Difficulties Score above the 90th percentile (TDS90) on the 
SDQ. Secondary outcome measures were mean scores and scores above the 90th 
percentile or not on the four subscales that were part of the TDS, and less than the 
10th percentile on the prosocial behaviour scale. The weight group of the children was 
the primary exposure variable, but in the analyses we adjusted for potential 
confounders which were largely the relevant family- and child-related variables used 
in Paper I. In addition, we computed a dichotomized variable to describe the child’s 
psychomotor development from several variables in the questionnaire related to fine 
motor, language, social and behavioural skills, and sleep pattern. The child was 
defined as having a developmental difficulty if he or she scored lower than their peers 
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on any of these items, or if the child had received any professional interventions 
within physiotherapy, speech therapy, psychology or psychiatry, or had received any 
extra professional support in kindergarten after two years of age. Any physical health 
problems represented any current or previously chronic illnesses (heart disease, 
diabetes, coeliac disease, asthma, eczema, hay fever). Low nutritional standard was 
based on at least three of the following: sweets > 1 day/week, soft drink > 1 
day/week, fast food > 1 day/week, breakfast < 4 days/week, vegetables < 2 
days/week, and fruit < 5 days/week.  We also added a variable on behavioural 
difficulty among family members, and it was defined as behaviour difficulties when 
at least one family member other than the child had attention deficit hyperactivity 
disorder (ADHD), difficulties with attention or other behavioural difficulties.  
4.3.5 Variables in paper III  
The main outcome measure was the change in BMI SDS from entry to the end of the 
intervention. The explanatory variables were BMI SDS at entry, the parents’ BMI, 
and basically the same questionnaire-based exposure variables as in Paper I. We also 
included a variable on current smoking by at least one family member, and the 
question whether the parents perceived their child as being overweight. 
When comparing the intervention and control group we used the height and weight 
measured by the public health nurses at the routine school entry health assessment 
and in 3rd grade. We used the measurements performed by the study nurses at entry 
and after each of the three years when analysing the details on which exposures had 
positive or negative effects on outcome within the intervention group.  
Mean skinfold SDS was calculated as the mean of the sum of the triceps and 
subscapular skinfolds. The number of attendances at the LMS sessions and meetings 




4.4 Statistical analyses 
 
Descriptive variables were presented as means with standard deviations (SD) or 
medians with interquartile range (IQR) for continuous variables and as counts and 
percentages (%) for categorical variables. Pairwise comparisons were analysed with 
the Student’s t-test, the Mann-Whitney’s U test or the Chi-square test, as appropriate. 
We explored the differences between the four weight groups (UW, NW, OW, OB) by 
using one-way analysis of variance (ANOVA) or Chi-square tests across all weight 
groups.  When these tests across weight groups showed significant differences, we 
performed post hoc pairwise testing comparing children in the other weight groups 
(UW, OW, OB, respectively) to the children with NW.  
We subsequently used logistic regression models to explore the significance of main 
exposures and potential confounders on outcome. We also tested for collinearity and 
interactions in the models. 
Within the intervention group the development of the anthropometric measures were 
analysed with Related-Samples Wilcoxon Signed Rank Test, and we performed a 
linear regression analysis with change in BMI SDS from the start to the end of 
intervention as outcome.   
The SPSS Statistics for Windows was used for all analyses. P values ≤0.05 were 
considered statistically significant. The BMI SDS, skinfolds SDS, WC and WHtR 
were calculated with the R V.2.6.0 (The R Foundation for Statistical Computing, 
Vienna, Austria) using the Norwegian growth references [32, 56, 63].  
 
4.5 Ethical considerations  
The study was approved by the Regional Committee on Medical Research Ethics 
(REK 1.2006.3491) and the Norwegian Data Protection Official for Research (02-
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2006 SI). One of the parents gave written consent. The intervention study was 
registered at ClinicalTrials.gov (NCT00458224) before recruitment. 
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5. Summary of results 
5.1 Paper I. Social and somatic determinants of 
underweight, overweight and obesity at 5 years of age: 
a Norwegian regional cohort study.  
 
Of 1895 eligible families, 1119 (59 %) consented to participate, and the parents 
completed the questionnaire. However, data on age, height or weight at entry were 
missing for 31 of the children, leaving 1088 children and their families for further 
analyses. The participants (n=1088) and those who declined (n=776), did not differ in 
age, sex distribution or mean anthropometric measures, but there was a slightly 
higher proportion of children with weight groups other than NW among those who 
declined.  
At entry, the mean (SD) age was 5.71 (0.44) years, the mean BMI 15.87(1.71) and 
the mean BMI SDS 0.01 (1.03), and 52.3% were girls. The respective prevalence of 
UW, OW and OB were 7.8%, 10.6% and 3.5%. UW was associated with their 
anthropometric measures at birth and those of parents, but not with sociodemographic 
or behavioural characteristics. On the other hand, OW and OB were associated with 
anthropometric measures of parents and siblings and a variety of unfavourable social 
characteristics, lack of exclusive breastfeeding for at least four months, sedentary 
behaviour and dental caries, but not with current dietary habits. In a multivariable 
logistic regression model, OW and OB were strongly associated with parental OWOB 
and low education, especially on part of the mother. These effects were still strong 
after adjusting for the social, environmental and behavioural factors. Our conclusion 
was that the strong associations between sociodemographic and behavioural factors 
and OW and OB, but not UW, may suggest that environmental factors are major 
contributing causes of OW and, in particular, of OB at 5-6 years of age.  
 42
5.2 Paper II. Psychological health in preschool children 
with underweight, overweight or obesity 
 
The aim of the study was to examine if children with UW, OW or OB had more 
psychological symptoms than the children with a normal weight (NW).  The children 
were the participants in the OHGS. Psychological health was assessed with The 
Strengths and Difficulties Questionnaire (SDQ) completed by the parents when the 
children entered the study at the school entry health assessment at 5-6 years of age. 
 Of the 1895 eligible children, 1119 families consented to participate and for 1088 
families (57.4% of eligible children) the database contained all the necessary 
information for analyses. From data on age, sex, height and weight of participants and 
eligible children who declined to participate, the participants were probably 
representative of all eligible children. 
The mean scores and the proportion of scores ≥ 90th percentile on the SDQ had a 
curvilinear pattern from children with UW through NW, OW and OB, and with NW 
as nadir, but the pattern was only statistically significant for the mean score on the 
Emotional problem, Peer problem and Total SDQ scales, and for the Total SDQ score 
≥ 90th percentile (TDS90). After adjusting for relevant sociodemographic and 
behavioural factors in logistic regression analyses, only the association between UW 
and TDS90 remained significant. The results suggest that psychological challenges 




5.3 Paper III. A family-oriented intervention programme to 
curtail obesity from five years of age had no effect over 
no Intervention  
 
The program was completed by 31 children with OB in the intervention program and 
by 33 controls. The intervention group was recruited from the OHGS cohort and 
supplemented with other children of similar age from the same eight municipalities. 
The controls were all from the OHGS cohort, both from municipalities where no 
intervention was offered and from the intervention municipalities where children who 
were not recruited for intervention, served as part of the control group. The 




























                   
 
 
Figure 3. Recruitment of families of 5-6 year old children with obesity to intervention 
and no intervention (controls). 
aIncluded at the request of parents, bMeasurements at public health care clinics 
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The median (IQR) age at entry was 5.83 (0.36) years for the intervention and 5.74 
(0.66) years for the control group, and the respective median BMI SDS were 2.35 
(1.06) and 1.95 (0.49), p=0.012. The difference in BMI SDS at entry was due to the 
recruitment process in that the children recruited at the request of parents, on average 
had somewhat higher BMI SDS. The median decrease in BMI SDS over the three 
years was 0.19 in both groups. The decline increased with increasing BMI SDS at 
entry, but similarly irrespective of group. Social and behavioural factors were of no 
significance in this comparison. Within the intervention group, outcome was not 
related to the behavioural or social factors, waist-to-height ratio or physical ability as 
measured with the 6-minute walk test, or attendance as a measure of motivation or to 
attendance. A higher mean skinfold thickness were associated with a larger decline in 
BMI-SDS, but the BMI SDS and mean skin fold thickness were strongly correlated 
(r=0.86).  Our conclusion was that the skinfold thickness reflected the BMI SDS and 
that the intervention program had no benefit over no intervention other than the 




6.1 Overall results 
 
In this regional Norwegian cohort of 5-6-year-old children the distribution of UW, 
NW, OW and OB for all the 1895 eligible children were 7.8%, 78.1%, 10.6% and 
3.5%, and the distribution did not differ significantly between the boys and the girls. 
The distribution of weight categories for the children of families who elected to 
participate (n=1119, 59%) differed slightly, but statistically significant from those 
who declined in that the proportion of all weight categories other than NW was lower 
(7.8% vs 10.1% for UW, 10.6% vs. 13.5% for OW and 3.5% vs. 4.7% for OB, overall 
p=0.017). 
Current weight category before entering primary school at six years of age was 
associated with numerous factors, such as BMI of parents and siblings, gestational 
weight gain and maternal smoking in pregnancy, birthweight, extent of breast-feeding 
during infancy and physical activity, and sociodemographic factors such as parental 
education, employment and smoking habits, single vs. two caretakers, and ethnicity. 
There was no significant association with current dietary habits, but with dental 
caries.  
Compared to children with NW, OW and OB were strongly associated with the BMI 
of parents and siblings, but also with sociodemographic factors that were likely 
associated with unfavourable lifestyles, such as maternal smoking during pregnancy 
and high gestational weight gain, low physical activity, dental caries, low parental 
education, single caretaker, lack of employment and non-Western ethnicity. UW, 
however, was associated with birthweight and anthropometric measurements of the 
parents, but not with the sociodemographic or lifestyle factors. Based on the parents’ 
assessment of the children’s psychological health with the SDQ questionnaire, weight 
category from UW through OW and OB was associated with emotional problems, 
peer problem and overall psychological problems, and with NW as nadir. 
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When compared with children with NW after adjustments for potential confounding, 
OW and OB were only associated with parental BMI, low parental education and 
maternal smoking. There were no significant association with measures on habits 
related to physical activity or nutrition, or to psychological difficulties. UW was only 
associated with parental BMI, birthweight and overall psychological problems.    
The three-year multidisciplinary and group-based intervention program had no effect 
over no intervention on the evolution of BMI. Both the intervention and the no-
intervention group had a median decrease in BMI SDS of 0.19, and the change in 
BMI SDS was not related to any of the registered social or behavioural factors. 
Within the intervention group, none of the exposure variables had any effect on 
outcome in terms of decline in BMI SDS.  
 
6.2 Methodological considerations 
6.2.1 Participants 
In the OHGS, 59 % of all eligible families participated in the study.  Compared to 
most cohort studies that recruit children and parents to follow-up studies by 
invitation, we suggest that the participation rate was satisfactory [172], in particular 
since we had reliable data related to BMI and distribution of weight categories on the 
children of parents who declined.  However, we cannot exclude the possibility of 
selection bias since the proportion of children in weight groups other than NW was 
slightly higher among the children who declined. Furthermore, the number of 
participants with weights outside NW in the OHGS cohort was limited. The 
associations, or in particular lack of associations, between predictors or exposures 
and outcome in terms of BMI or weight group, should therefore be interpreted with 
caution since the chance of type I and type II errors may be clinically significant. This 
is partly illustrated by rather large confidence intervals or standard deviations in 
many of the data.  Nevertheless, we suggest that the number in the OHGS cohort 
study was large enough to provide robust data on important predictors of an 
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unhealthy weight development that can be addressed in preventive or therapeutic 
programs, both on an individual and a group basis. There are arguments why 
selection bias was not of major importance: 1) Recruitment varied markedly with 
municipality (0% - 87%) suggesting that the moderate participation rate was mainly 
caused by variable motivation on part of the public health nurses to recruit families to 
the study, rather than selectivity on part of the parents, and 2) the differences in 
anthropometric measures and weight categories between the participants and non-
participants were modest. 
The intervention study had a complicated recruitment process.  Primarily our 
intention was to divide the OHGS cohort into two groups of similar sizes, where all 
children with OB and their families in some municipalities were invited to 
intervention while the children and their families in the other municipalities were not 
offered any intervention. For practicability, counties closest to the two hospitals were 
chosen for intervention since it became clear that the program had to be conducted at 
the hospitals instead of locally in the municipalities. The travel distance would be so 
long for families from other municipalities that the motivation for participation would 
probably be low. In fact, even a large number of eligible children from the 
intervention municipalities were not referred. We do not know to what extent they 
were not invited or declined to participate. Lack of referral may imply that many 
families did not perceive their child’s weight to be a significant problem or they may 
have been worried that the intervention would lead to stigmatization. We elected to 
include these children in the non-intervention group despite living in the intervention 
municipalities since the parents had given written consent to stay in the project 
through elementary school.  
In general, intervention trials based on individual randomization are considered 
superior to trials based on convenience sampling. Despite that argument, we chose to 
divide families into an intervention and control group on basis of residence in 
municipalities for two reasons; difficulties with attendance due to long traveling 
distances from many municipalities, and risk of spill-over effects. We elected to 
invite families from municipalities geographically close to the hospitals for 
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intervention. The data from the OHGS cohort suggested that the non-random 
selection of municipalities would not introduce a significant selection bias. Spill-over 
effects are a well-known concern in studies where one arm of a study may be 
perceived as preferable [173, 174]. A spill-over effect may be less likely when groups 
are randomized on basis of geography rather than on an individual basis. Despite this 
concern we elected to include eligible children in the intervention municipalities who 
had not been referred for intervention, in the control group for three reasons: 1) It 
would account for all the eligible children included in the OHGS cohort, 2) the 
control group would be larger, 3) we considered the risk of spill-over effects to be 
negligible since we chose to conduct the intervention program in the hospitals rather 
than in the municipalities, and 4) the municipalities were large with little chance of 
spreading specific news about the program, in particular because no public 
information about the intervention study was publicised during the three years of the 
study and the children did not have scheduled appointments with public health 
programs between during this time period. Supporting this belief, the control 
children, who lived in the intervention municipalities, did not differ from the rest of 
the controls in terms of exposures or outcomes.  
We also elected to include some families and children from the intervention 
municipalities who were not part of the OHGS cohort, but of similar age. They were 
included at the request of the parents.  
These adjustments left us with larger numbers, both in the intervention and control 
groups, and thereby better statistical power. Due to these recruitment processes, the 
BMI SDS at entry was somewhat higher in the intervention than the control group. 
We presumed, however, that weaknesses in terms of possibilities of selection bias 
could be reduced by the extensive knowledge of social and demographic 
backgrounds, and health and lifestyles; factors that could be adjusted for in the data 
analyses. We hypothesized that the higher average BMI in the intervention group 
could include children and families that were less likely to succeed in BMI reduction, 
but that this possibility would be counteracted by the fact that these families were 
particularly motivated to change their lifestyle since they were recruited through their 
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own initiative. Also, a larger proportion of parents in the intervention than in the 
control group perceived that their child “looked overweight”, which also could 
indicate a greater motivation for treatment. The intervention and control group also 
differed somewhat in age at the end of the study, mostly because different 
municipalities had different routines for when they performed the school 
measurements during 3rd grade.  
In the intervention study, the median change in BMI, BMI SDS and the interquartile 
ranges for the changes were similar for both groups. It is therefore unlikely that a 
larger study would have detected clinically meaningful differences. In our power 
calculation we had estimated that a clinically meaningful difference in BMI after 
three years ought to be 1 BMI unit (1 kg/m2), given the extent and duration of the 
program. Indeed, we did not obtain any significant difference.   
6.2.2 Anthropometric measurements 
Public health nurses performed all the measurements of the children in the OHGS, 
both at entry to the study and in 3rd grade. The comparisons of effects on BMI and 
weight group between the intervention and control group were based on these 
measurements. Since different nurses performed these measurements in the 
municipalities, there is a chance of measurement error. However, public health nurses 
are trained in measuring height and weight of children, and are expected to follow 
national guidelines on how to do it [167]. We did not do any specific training or 
validation on how well they did it with reference to the guidelines, or how accurate 
the measurements were. However, any errors were expected to be random and not 
systematic, and we therefore expected that such errors did not introduce significant 
bias.  
The anthropometric measurements that were used for analyses of associations 
between exposures and outcome within the intervention study (height, weight, 
skinfold thicknesses and waist circumference) were all performed by two specifically 
trained study nurses, one located at each hospital. At each site they used the same 
equipment for the measurements. They were trained simultaneously by personnel 
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who had developed the national references for skinfolds and waist circumference. 
Measurements of parents and siblings were self-reported by the parents, and therefore 
at risk of information bias.  All measurements were thoroughly checked for possible 
errors in a data cleaning process. All outliers were manually checked, and obvious 
inaccurate measurements were removed.  
Our outcome measures were BMI SDS and weight groups based on BMI, with all the 
limitations of BMI measurements (see section 1.2). This may be a weakness of the 
study, especially the intervention study where we followed children with OB. For 
children with OB, the BMI may not be an accurate estimate of the proportion and 
distribution of body fat, and it has been argued that a decrease in BMI SDS with age 
in children may not necessarily mean a decrease in the degree of OB because the SDS 
of BMI may not accurately correct for age, sex and degree of OB [50, 51]. However, 
the intervention study showed that there was a very close and linear correlation 
between waist-to-height ratio and skinfold thicknesses on one hand and BMI SDS on 
the other (correlation coefficients in the range of 0.78 -0.86), suggesting that BMI 
SDS gave a good estimate of body fat on a group basis. Furthermore, BMI SDS is the 
commonly used measure in intervention studies, particularly since it corrects for 
variation in age, sex and intervals between entry and end of an intervention.  
6.2.3 Questionnaire  
The SDQ is a validated form (see section 4.3.2), but the rest of the questionnaire was 
not. However, most of the questions were used as stated or adapted from other 
Norwegian studies, like the HUNT- studies [161], The health inquiry on children in 
Hedmark and Oppland [163] and The Bergen Growth Study [162]. We used the 
questionnaire from the International Study of Asthma and Allergies in Childhood 
(ISAAC) to describe respiratory health [164]. 
Questionnaires carry a risk of recall bias, which may be a more severe problem the 
further in the past an event occurred. In this study, very few questions pertained to the 
past, such as duration of exclusive breastfeeding. Most of the questions addressed 
today’s challenges and opinions (see Appendix). Missing data is a frequent problem 
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with questionnaires, also in this study. The highest proportion of missing data from 
the parents’ information on the questionnaire for the OHGS were: height and/or 
weight of siblings (42.1 %), mothers (9.8 %) or fathers (15.1 %), and breastfeeding > 
4 months (7.8 %). Weight and length of the children at birth were based on 
measurements performed by midwives at birth and retrieved from the OPD or as 
reported to the child health care clinics. BMI at birth was missing for 13.6 % of the 
children because weight and/or length were missing. Current height and weight were 
provided by the public health nurses, and current child height SDS at entry was 
missing for 5.7% of the children. Less than 5% were missing for the other variables 
in the questionnaire and reports from the public health nurses. A rate of missing less 
than 5 % is often considered acceptable and random [175]. In the OPD, the variables 
of gestational weight gain above recommended (11.7 %), pre-pregnancy BMI (10.1 
%) and gestational weight gain (9.5 %) all had high rates of missing, but the rest of 
the variables from OPD had only 1-2 % missing. The high rates of missing in some 
variables affected the statistical power in the multivariate analyses, as cases were 
excluded list-wise, and only cases with data on all selected variables were included. 
Variables from the OPD were, however, not included in multivariate analyses.  
The questionnaires were only filled out once at inclusion to the study. The OHGS 
study was cross-sectional, but the intervention study followed the children for three 
years. Hence, there might have been significant changes in some of the variables 
during the three years of the intervention, but most of the central variables are 
considered quite stable, for instance parental education.  
6.2.4 Ethical considerations 
Clinical research on children is important, but it is equally important to be extra 
careful not to cause harm. In these studies, the children were at preschool age at 
inclusion, and the parents consented to join the study. The cohort study did not 
involve any tests or clinical examinations that were not routine, and the expected 
results were expected to be of benefit to children in general. 
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Intervention studies have a potential to cause harm, even without invasive 
examinations and when performed with the best intention and empathy. The 
development of an unhealthy weight is a major and increasing personal and societal 
health risk and need evidence-based measures for prevention and treatment. To 
continue with an intervention that is not proven effective in sound scientific studies is 
unethical because lack of effect may leave the child and the family with the 
psychological consequences of a sense of failure, such as low self-esteem and 
depression. Our intervention study only involved the parents, and our ideology was 
that limiting an unhealthy weight trajectory at this young age is the responsibility of 
parents. The aim of the intervention study was, therefore, to give information and 
discuss the challenges in changing lifestyles. Moreover, we involved the parents in 
groups with the hypothesis that it would cause less stigma by emphasizing how 
common OW and OB is and how difficult it is to manage. We also presumed that 
involving the parents in groups would promote learning and boost motivation by 
discussing the challenges as they see them on a daily basis between themselves and 
with the professionals.  
In our intervention study we did not do any systematic evaluation or registration of 
potential harmful side effects, such as unwanted psychological symptoms.  Some 
families missed many of the scheduled meetings, but we do not know the reason. 
They may not have felt that the child’s weight was a significant problem, feared 
stigmatization or that the program did not answer to their expectations.  
 
6.3 Interpretations and comparison of results 
6.3.1 Prevalence of unhealthy weights 
The prevalence of OW and OB in OHGS cohort was in line with other Norwegian 
studies at the time [68, 69, 176, 177], while other countries in Europe and the rest of 
the world generally reported higher prevalence [72, 178, 179]. The reasons for a 
lower prevalence of OWOB in Norway and Northern Europe are unknown and left to 
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speculations [73]. Some argue that part of the explanation may be that children in the 
southern part of Europe have a shorter stature [180]. Other suggested explanations are 
variations in genetic predispositions, environmental factors like differences in diet 
and physical activity [100, 180], and differences in SES [100, 181]. Norway and the 
other Nordic countries have smaller disparities between the socioeconomically 
disadvantaged and advantaged inhabitants than countries further south in Europe, 
although these differences seem to increase also in the north [182].  
The prevalence of UW in our study was similar to a Norwegian study of 6-year-olds 
[177], and also another Norwegian study with a wider age span (2-19 years) [183]. 
Many European countries have corresponding prevalence of children with UW [184], 
however, some countries have a higher prevalence of 15-20 %  [141, 179]. The 
variation in the prevalence of UW is rarely discussed in these papers, as the main 
focus is usually OWOB.  
6.3.2 Predictors of unhealthy weights  
6.3.2.1 Predictors of OW and OB   
We found associations between OWOB and several unfavourable sociodemographic 
and behavioural factors, as well as parental BMI and measurements at birth. 
However, several of the outcomes were mostly related to OB, not OW. Given the 
limitations of the BMI classification of OW, one could question whether this group 
really has an unhealthy weight. Indeed, one study showed that 30 % of the children 
with OW had normal levels of body fat while 50% had moderately increased and only 
20 % significantly increased body fat [185]. The OW group is a mixed group, and 
some of these children might be healthy and muscular, with no increased health risk.   
Parental BMI 
As expected, we found a strong association between parental BMI and both OW and 
OB, also after adjusting for relevant socioeconomic and behavioural factors. The 
siblings’ mean BMI SDS was also related to the child’s OW and OB, but not in 
adjusted analyses. The association between parental BMI and childhood OWOB is 
well known [118, 119], and there is reason to believe that the relation to parental and 
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siblings’ BMI reflect both genetic and environmental impacts on the child [119, 186]. 
In adjusted analyses, only OW was related to the father’s BMI, while both OW and 
OB was related to maternal BMI. In agreement with our findings, others have also 
found maternal BMI to be more strongly linked to childhood OB [187, 188]. It is 
possible that maternal OB is especially important in critical developmental periods, 
like pregnancy [189]. The stronger association between childhood OWOB and 
maternal BMI may also reflect both a genetic influence or merely the importance of 
the mother in establishing and maintaining the family behavioural pattern related to 
diet and physical activity.  
Birthweight (BW) 
In our study, increasing BW was associated with increased risk for OW, but only 
when the mothers had NW or OW (Paper I). However, we found no association 
between BW and OB, which is in contrast to earlier studies [122]. The relationship 
between BW and OWOB is complex since both low [121] and high BW [122, 123, 
190] are associated with OWOB later in childhood in several studies. Different 
mechanisms might explain the different associations. High maternal BMI is 
associated with high BW [191] and also with a higher proportion of fat mass in the 
baby [189], which may suggest a higher risk for OWOB in childhood and adulthood. 
Children with OB have a higher body fat percentage than children with OW, which 
may support such a notion [192, 193]. On the other hand, being born SGA, which 
usually implies a low fat mass,  is also associated with later OWOB [121]. A possible 
explanation may be that the catch-up growth after growth restriction in foetal life may 
have long lasting consequences for body composition [194, 195]. SGA is also related 
to metabolic syndrome in childhood [196]. 
Smoking 
It is well established that smoking in pregnancy leads to reduced BW [197, 198]. This 
was also reported from the county of our cohort [199]. It is also well known that 
maternal smoking in general is associated with childhood OB [200, 201]. In paper I, 
we found an association between maternal smoking and childhood OW and OB, also 
after adjusting for other socioeconomic and behavioural factors. The mechanism for 
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the risk of later OB may be the one suggested for children born SGA (see above), 
since smoking leads to intrauterine growth restriction. It may also be that maternal 
smoking just reflects unhealthy behaviour with consequences for the children [202]. 
It is still unknown whether maternal smoking has a direct obesogenic effect on the 
offspring.  
Parental education 
Parental education is a strong indicator of the family’s SES, and we found a 
cumulative effect of parental education in combination with parental BMI on the 
outcome OWOB. Low maternal education was strongly associated with OB, and also 
OW, even after adjusting for other important factors. Our findings are in line with 
several other studies [95, 102, 108, 110]. The background for the association between 
parental education and childhood OWOB is multifaceted, but studies have shown that 
families with lower education tend to eat fewer regular meals, more unhealthy food 
and have more sedentary behaviour [95, 105, 110, 112].  
Rural living 
We did not find an association between rural living and OWOB in our study, which is 
in contrast to some studies [108, 203]. We suggest that the reason may be that there 
are relatively small differences in population densities and ways of living between the 
small cities and more rural areas in this county. Differences may possibly evolve as 
the children get older when the children in the rural districts are more dependent on 
transport to secondary schools and leisure activities. A follow-up study of the OHGS 
cohort in 3rd grade supports this notion since the rate of OWOB was higher in the 
rural municipalities at that age [204]. 
Physical activity, sedentary behaviour and diet 
We found no effect of physical activity in adjusted analyses. We suggest that young 
children mainly stay physically active through play rather than through organized 
activities. Furthermore, 90% of the children had attended kindergarten since two 
years of age, and probably had similar activities there. The lack of effect of physical 
activity is in contrast to some studies [92, 93, 105], but most studies have included 
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older children, and more research is needed to make conclusions on the significance 
of paying more attention to physical activity in the preschool age group. Similarly, in 
opposition to earlier studies [95, 205], we found no effect of TV in the child’s 
bedroom or screen time. Again, it may be too early to see an effect of screen time 
since most children in this age group are equally active in kindergarten, and the 
differences in screen time may be too small to be of clinical significance.  
Eating fruits often was the only dietary factor related to OW in our study, and no 
dietary factors were related to OB. Other Norwegian studies have also found that 
children with OWOB eat more healthy food [95, 205, 206], and reverse causality may 
be a natural explanation in that the parents try to counteract increasing OW by 
providing healthy food. We found no associations with sugar-sweetened beverages or 
sweets and OWOB, in contrast to other studies [95, 205]. However, under-reporting 
of unhealthy food in children with OWOB might be a concern [207].  
We found no effect of dental caries, asthma medication or antibiotics in our study. 
Other studies have found associations with these factors [140, 208-210]. We included 
dental caries under the assumption that having caries was a significant proxy for 
unhealthy food habits [211].  
Lastly, we found an association with shorter exclusive breastfeeding and OB in 
unadjusted analyses, but not in adjusted analyses. This is in line with some [204], but 
in contrast to other studies [123, 212]. In our study, a total of 90 % of the children 
were breastfed, and 72.8 % exclusively breastfed for more than four months. Hence, 
there might be a difference we could not detect because of lack of power.  
Mental health 
We found no relation between OW or OB and psychological problems when 
adjusting for known risk factors of OWOB, but we did find higher scores of 
Emotional Problems, Peer Problems, TDS and TDS90 in the children with OB in 
unadjusted analyses.  
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Several studies have found associations between OW or OB and reduced quality of 
life [7, 16, 18], as well as lower self-esteem [7, 16, 18] and depression [7, 16, 17, 128, 
213]. Studies have shown that young children, even in kindergarten, are often 
dissatisfied with their body size [214-216]. Still, the majority of preschool children 
are content with their physiognomy [214, 217], but amongst older children, children 
with both UW and OB are dissatisfied with their weight [218]. We suggest that since 
the majority of the children in our study had been in kindergarten since two years of 
age, they had little focus on body size, and studies have shown that the anti-obese 
attitudes in preschool children did not affect playmate selection [219].  
The children with OW did not differ from children with NW in terms of 
psychological difficulties in our study. Most parents of children with OW consider 
their children to have a normal body size [183], and also the majority of children and 
adolescents with OW assess their own body size as normal [218]. The similar scores 
of the OW and NW children on the SDQ questionnaire reflect their similarly 
perceived normal body shape. Also, as discussed earlier, OW in young children may 
reflect lean body mass and thereby an appearance associated with a healthy and 
strong body and not an appearance associated with OB [220].  
There is conflicting evidence about the association between ADHD and other 
behavioural difficulties and OWOB in childhood. Some studies have shown that 
ADHD is a risk factor for OW and OB in adolescence and adulthood [131, 133]. In 
childhood, several systematic reviews show no association between ADHD and 
OWOB [7, 132, 133], while some studies show an association [131, 221]. 
Donnchadha et al. found that children with ADHD were more likely to have OWOB, 
but this relationship was largely explained by psychosocial factors [132]. None of 
these studies included preschool children. In our study, we found no association 
between OW, OB and behavioural difficulties, which is in congruence with a 
Norwegian study of children at 18 and 36 months of age [222]. In a study of 6-12-
year-old Norwegian children, the mothers rated their children with the Norwegian 
Hierarchical Personality Inventory of Children [223]. Children with OW or OB were 
rated lower on energy, optimism, compliance, concentration, perseverance and self-
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confidence, and higher on egocentricity, irritability and anxiety than children with 
NW. There is a possibility that children with OB in our study had psychological 
symptoms or issues that we could not detect with the SDQ.   
6.3.2.2 Predictors of UW 
Anthropometric and sociodemographic factors 
UW was only associated with birth anthropometrics and paternal BMI, and none of 
the sociodemographic factors, also in adjusted analyses. Since all weight groups were 
related to parental BMI, it is reasonable to think that the genetic component was 
important. However, the size of the UW group was quite small, hence there might 
have been true effects of environmental factors that we could not find because of lack 
of power. This view might be enhanced by the linear association of several 
environmental factors with weight groups, even though they were not significant for 
UW. 
In our study, UW was associated with a low BW in unadjusted analyses, which is 
supported by other large studies [224, 225]. In adjusted analyses, we found that UW 
was associated with high crown-heel length at birth, but not with BW. We found no 
associations with sociodemographic factors. Few studies have looked at UW children 
and SES in high-income countries. A South-Korean study found that UW in 
childhood was associated with lower SES in boys, but not in girls. Other risk factors 
were female sex, living in a metropolitan city (not in the capital or more rurally) and 
parental body shape [226]. A study of 3-4-year-old children in Scotland found a 
higher risk of UW in the most deprived part of the population, also when adjusted for 
BW [227]. On the other hand, a study of adolescents in Germany found that the 
prevalence of UW increased with increasing occupational status of the parents [228].  
In our study, UW seemed to be associated with only anthropometric and potentially 
genetic factors. However, both parental BMI and birth anthropometrics may be 
affected by a meticulous parental behaviour in terms of diet and physical activity that 




We found that UW was related to psychological difficulties, which has rarely been 
reported in preschool children before. An Italian study showed that children with UW 
had more internalizing as well as externalizing problems than children with NW at all 
assessments from 2 to 11 years of age [229]. In adolescence, children with UW are 
teased almost as often as children with OB, suggesting that UW may have somewhat 
the same psychological consequences for a child  [230]. Bullying behaviour is 
common already in kindergarten [231]. In addition to the lower muscle mass, the 
children with UW are also shorter, as shown in both our cohort (Paper I) and in other 
studies [218]. We therefore propose that one possible explanation for more mental 
health problems in the UW group could be that they are the physically weakest and 
least robust part in a kindergarten setting.    
It is interesting that the UW children had more mental health problems despite the 
finding that UW was not associated with SES or other family related or behavioural 
factors (Paper I). On the other hand, children with OB had no discernible 
psychological symptoms despite the strong association with unfavourable SES and 
behavioural factors. Some studies have found premorbid UW in children who later on 
developed eating disorders, mainly anorexia nervosa [26]. From our data, we cannot 
exclude that UW in some of the children, and the association with low BMIs among 
their parents, was partly due to rigorous and controlling behaviour by the parents 
rather than genetic predisposition, and possibly a problematic relationship with food 
and physical activity on part of the parents [24, 232].  
6.2.3 Effects of prevention and treatment of OW and OB  
We found no effect of a multidisciplinary intervention program with the purpose to 
curtail OB from 5-6 years of age. Both the intervention and the control group had the 
decline in BMI SMS of 0.19 after three years.  
The Cochrane database contains several reviews of interventions to treat OWOB in 
children and adolescents of different age groups [19-22]. A review for children aged 
6 to 11 years, which is the most relevant age group compared to our study, found a 
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mean difference in BMI SDS of -0.06 (95% CI -0.10 - -0.02) for intervention versus 
no treatment. However, the quality of evidence was low or very low [22]. The review 
of Loveman et al concerning parent-only interventions for children with OWOB aged 
5 to 11 years found a minimal effect compared to children on a waiting list, but again, 
the quality of evidence was low, and the maximum follow-up period was 10-12 
months [21]. Our results were similar to other Nordic studies. A Danish intervention 
study of children with OB aged 2-16 years found a mean change in BMI SDS of –0.3 
after two years, and better results in the youngest children [148]. However, the 
Danish study had no control group. A Norwegian intervention study of 7-17-year-old 
children found an overall BMI SDS reduction of 0.13. Nevertheless, they found 
improvement in levels of insulin, total cholesterol, LDL and total/HDL cholesterol 
ratio, even in the group with the smallest decrease in BMI SDS (0.0 - <0.1) [151]. 
Another Norwegian intervention study compared a multi-family with a single-family 
intervention of children with OWOB aged 6-12 years [233]. After two years, pooled 
data showed a borderline difference in BMI SDS of -0.14 in favour of the multi-
family group (reduction of 0.20 vs. 0.08, p= 0.046). Neither of these Norwegian 
studies had control groups who were not offered any intervention.  
Within our intervention group, only BMI SDS at entry influenced the decline in BMI 
SDS in the unadjusted analyses; the decrease in BMI SDS was higher the higher the 
baseline. None of the other factors suspected of being risk or beneficial factors related 
to expected failure or success were of significance. However, the significance of BMI 
SDS at entry was the same in the intervention and control groups suggesting that the 
decline was not affected by the intervention.  
In the adjusted analyses limited to the intervention group, higher mean skinfold SDS 
at entry was also associated with a larger decrease in BMI SDS. Skinfolds were not 
measured in the control group, and given the very close correlation between BMI and 
skinfold thicknesses, it is likely that the same change in skinfolds thicknesses 
occurred in the control as in the intervention group.  We found it particularly 
interesting that attendance at the meetings in the intervention program was not 
associated with outcome. One of our hypotheses was that high attendance was a 
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measure of motivation for changing behaviour related to nutrition and physical 
activity. However, a similar lack of association was also seen in the Danish study 
[148]. Neither dental caries, which may imply unhealthy nutrition, parental education 
or single caretaker were associated with change in BMI SDS. The subscapular 
skinfold SDS declined over the three years of the intervention, but the triceps 
skinfold, mean skinfold, WC and WHtR were stable. This suggest that the 
intervention did not change the body composition of the majority in the intervention 
group. Nevertheless, the intervention may have had a clinically relevant effect on 
individual children, and even small declines in BMI SDS can improve cholesterol and 
other cardiovascular risk factors [151].  
The identical average decrease in BMI SDS in the intervention and control group, 
may suggest that specific intervention programs do not add effects over what is 
accomplished by intensive public focus on prevention of OW and OB for children 
and adults from national and local health authorities. There are data to show that the 
prevalence of OWOB among children in Norway may not have increased during the 
last years [69],which may be a result of  public attention. The national trend and our 
findings lend support to the notion that public focus on early prevention of OWOB in 






OW, and especially OB, at five years of age was strongly associated with several 
unfavourable sociodemographic and behavioural factors, as well as with parental OW 
and OB. On the other hand, UW was only associated with birth anthropometrics and 
parental BMI. Consequently, we suggest that environmental factors are the most 
important predictors of the development of OWOB in preschool children.  
Preschool children with UW and OB, but not OW, had more psychological 
difficulties in terms of emotional symptoms, peer related problems and total 
difficulties, than children with NW. After adjusting for several adverse 
sociodemographic and family related factors, only UW was independently associated 
with psychological problems. We suggest that psychological difficulties in preschool 
children with OB are mainly due to other factors than their appearance, but that UW 
is an independent risk factor for experiencing psychological difficulties, or 
conversely, that psychological challenges may be an independent risk factor for UW.  
A multidisciplinary three-year intervention program targeting 5-6-year-old children 
with OB had no effect over no intervention on BMI SDS development. The 
intervention group and control group had an equal decline in BMI SDS. The decline 
increased with increasing BMI SDS at entry, but the decrease was the same for the 
intervention and control group. The intervention study confirms most earlier studies 
that OWOB is difficult to reverse with specific programs, also during early 
childhood, and lends support for a high and continuous focus on prevention in 
national and local public health programs. 
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8. Future perspectives 
Children with UW have rarely been studied, other than in relation to diseases, 
malnutrition and eating disorders. Unexpectedly, we found more psychological 
problems in children with UW than in children with NW, OW and OB. Further 
research is needed in order to understand this seeming paradox.  
Long-term studies of children of all weight groups should be conducted in order to 
monitor changes and risk factors for unhealthy weight trajectories as well as physical 
and psychological consequences of unhealthy weights. In particular, effects of well-
intended national and local initiatives to promote healthy weights should be 
monitored to assess efficacy, cost-effectiveness and risks of untoward side effects, in 
particular related to psychological health. In Norway, weight and height are currently 
measured regularly before entering school and in 3rd and 8th grade. These 
measurements should be collected anonymously in regional and national health 
registers in order to monitor positive and potentially negative effects of regional and 
national programs to prevent unhealthy weights.    
Despite extensive public programs to prevent OWOB in children, OWOB will 
continue to be a significant health problem on an individual and a societal basis. 
Children with OB and their families will continue to need care, either on an 
individual or on a group basis. However, given the large number of patients and 
available resources, it is mandatory that programs are tested scientifically for efficacy 
and cost-effectiveness, preferably in large and good quality studies with a long 
follow-up period. Scientific evidence of effect of programs is also mandatory because 
stigma and shame associated with OB may increase with failure to obtain weight 
control. A lack of intended effect can be perceived as a personal failure due to lack of 
character and cause severe harm on mental health. It is also important to expand our 
knowledge on psychological consequences and possible precursors of OWOB, since 
psychological mechanisms may influence the response to treatment. 
In addition to public focus on healthy living and on scientifically proven intervention 
programs, there is a need of more scientific focus on how a society can prevent an 
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obesogenic environment. It may be too simple to just argue for cheaper healthy food 
and more expensive unhealthy food and for creating arenas for physical activity. This 
is a complex issue because comprehensive restrictions may be perceived as a 
violation of individual freedom and cause resentment and resistance if they are not 
well founded. From a political perspective, anti-obesogenic measures have to be 
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Paper III, page 6, section 3.2 “The intervention group”, line 17. The corrected text is 
written in italic.  
 
Corrected text should read: “In the multiple linear regression analysis, a higher mean 
skinfold SDS at entry was associated with a larger reduction in BMI SDS, but none of 
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Vekst og helse blant barn i Oppland
STERKE OG SVAKE SIDER (SDQ-Nor)
  Vennligts kryss av for hvert utsagn: Stemmer ikke, Stemmer delvis eller Stemmer helt.
Prøv å svare på alt selv om du ikke er helt sikker eller synes utsagnet virker rart.
For denne siden, svar på grunnlag av barnets oppførsel de siste 6 månedene.
Barnets navn: ____________________________________________________________________________________    
Fødselsnummer:
                  Stemmer    Stemmer      Stemmer
                        ikke           delvis              helt
Omtenksom, tar hensyn til andre menneskers følelser ........  .... .................  .................
Rastløs, overaktiv, kan ikke være lenge i ro ........................ .... .................  .................
Klager ofte over hodepine, vondt i magen eller kvalme .....   ....  ................  .................
Deler gjerne med andre barnt (godter, leker, andre ting) .....  .... .................  .................
Har ofte raserianfall eller dårlig humør................................ .... .................  .................
Ganske ensom, leker ofte alene ...........................................  .... .................  .................
Som regel lydig, gjør vanligvis det voksne ber om ............. .... .................  .................
Mange bekymringer, virker ofte bekymret .......................... .... .................  .................
Hjelpsom hvis noen er såret, lei seg eller føler seg dårlig.... .... .................  .................
Stadig urolig eller i bevegelse .............................................. .... .................  .................
Har minst en god venn ......................................................... .... ................. ..................
Slåss ofte med andre barn eller mobber dem ....................... .... .................  .................
Ofte lei seg, nedfor eller på gråten....................................... .... .................  .................
Vanligvis likt av andre barn ................................................. .... .................  .................
Lett avledet, mister lett konsentrasjonen ............................. .... .................  .................
Nervøs eller klengete i nye situasjoner, lett utrygg ............. .... .................  .................
Snill mot yngre barn ............................................................ .... .................  .................
Lyver eller jukser ofte .......................................................... .... .................  .................
Plaget eller mobbet av andre barn ....................................... .... .................  .................
Tilbyr seg ofte å hjelpe andre (foreldre, lærer, andre barn).. .... .................  .................
Tenker seg om før hun/han handler (gjør noe) .................... .... .................  .................
Stjeler hjemme, i barnehagen eller andre steder .................. .... .................  .................
Kommer bedre overens med voksne enn med barn ............. .... .................  .................
Redd for mye, lett skremt .................................................... .... .................  .................
Fullfører oppgaver, god konsentrasjon ................................ .... .................  .................
Har du andre kommentarer eller bekymringer? (skriv her):




Samlet, synes du at dette barnet har vansker på ett eller fl ere av følgende områder:
Med følelser, konsentrasjon, oppførsel eller med å komme overens med andre mennesker?
         Ja -   Ja -    Ja - 
        små          tydelige           alvorlige
                Nei          vansker          vansker          vansker
                 
Hvis du har svart ”Ja”, vennligst svar på følgende spørsmål:
• Hvor lenge har disse vanskene vært tilstede ?
                                                                  Mindre enn 1-5           6-12         Mer enn
                                                                   én måned         måneder         måneder            ett år
                                                                       
• Blir barnet selv forstyrret eller plaget av vanskene?
                                                                    Ikke i det           Bare          En god
                                                                     hele tatt            litt  del            Mye
                                                                       
• Påvirker vanskene barnets dagligliv på noen av de følgende områdene ?
                                                                    Ikke i det           Bare          En god
                                                                     hele tatt            litt  del            Mye
Hjemme/ i familien                        
Forhold til venner                        
Læring i barnehagen                         
Fritidsaktiviteter                        
• Er vanskene en belastning for deg eller familien som helhet?
                                                                    Ikke i det           Bare          En god
                                                                     hele tatt            litt  del            Mye
                                                                       
Jeg/vi som har fylt ut 
dette skjemaet er:      Mor               Far               Annen omsorgsperson  
 
------------------------------------------------------------------   ---------------------------
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AbstrAct
Objective To identify associations between the weight 
groups underweight (UW), overweight (OW) and obesity 
(OB) at 5 years of age and exposures related to pregnancy, 
anthropometric measures at birth, sociodemographic 
factors, and family health, anthropometric measures and 
habits.
Design Regional cohort study.
setting Oppland County, Norway.
Methods Pregnancy data were obtained from a 
prospective perinatal register for children born in the 
county, and weight and height were measured by 
midwives at birth and by public health nurses at 5 years. 
Other information was obtained from questionnaires 
completed by parents.
Participants Of 1895 eligible children, current weight 
and height were obtained for all, weight and length at 
birth and information from parents for 1119 (59%) and 
pregnancy register data for 749 (40%) of the children. 
The significance of potential explanatory variables from 
descriptive statistics was tested in multinomial logistic 
regression analysis.
results The prevalence of UW, OW and OB among 
participants was 7.8%, 10.6% and 3.5%, respectively. UW 
was associated with anthropometric measures at birth 
and those of parents, but not with sociodemographic or 
behavioural characteristics. OW and OB were associated 
with anthropometric measures of parents and siblings 
and with a variety of unfavourable social characteristics, 
lack of prolonged breast feeding, sedentary behaviour and 
dental caries, but not with current dietary habits. After 
adjustments, OW and OB were marginally related to birth 
parameters and diet and unrelated to physical activity, 
but significantly related to parental body mass index, low 
parental education and maternal smoking.
conclusion The strong associations between 
sociodemographic and behavioural factors and OW and 
OB, but not with UW, may suggest that environmental 
factors are major contributing causes of OW and 
particularly OB at 5 years. These results may be helpful in 
targeting preventive measures against OW and OB.
IntrODuctIOn
The prevalence of overweight and obesity 
(OWOB) has increased throughout the world 
during the last decades and represents a major 
health problem.1 2Obesity in the paediatric 
population is particularly worrisome since 
obese children are at high risk of remaining 
obese as adults3 and face the somatic, mental 
and social consequences of the condition.4 It 
is currently estimated that 41 million children 
under 5 years of age are overweight (OW) 
or obese (OB) globally5 and reported preva-
lence of OWOB in children aged 6–9 years in 
Europe are 18%–57% for boys and 18%–50% 
for girls.6 In Norway, reported prevalence of 
OWOB in children aged 2–19 years is in the 
range 15%–17%.7 8
Both genetic and environmental factors are 
considered risk factors for OWOB.9 10 Twin 
studies have shown a strong genetic compo-
nent, but also effects of environmental 
factors, and adoption studies and other 
studies have supported the role of family 
environment. However, to our knowledge, 
there is no consensus regarding their rela-
tive significance. In Norway, as in other 
countries, children of divorced parents,11 of 
mothers with low education7 and children 
living in rural areas12 were more often OW or 
OB, implying that environmental factors are 
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Research
strengths and limitations of this study
 ► Height and weight were measured by health 
professionals and current measurements were 
obtained for all the eligible children.
 ► Information on the families’ social characteristics, 
health, behaviour and habits was extensive.
 ► Overweight and obesity, but not underweight, were 
associated with sociodemographic and behavioural 
factors, suggesting that early childhood intervention 
aimed at environmental factors may be effective.
 ► Selection bias cannot be excluded since information 
other than current weight and height was missing 
for 41% of the children.
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essential and that behaviour related to such sociodemo-
graphic factors needs to be addressed in the attempts to 
avoid persistent OWOB. For unknown reasons, the rising 
prevalence of OWOB in young children may have been 
somewhat curtailed in Norway8 and other countries,13 
suggesting that preventive measures, such as increased 
attention to diet and physical activity may be effective.8 
However, strategies need to be targeted due to the large 
scale of the OWOB epidemic.
Due to the apparent multifactorial causes of OWOB, a 
broad variety of potentially explanatory variables needs 
to be included in studies in order to disentangle its 
complexity and thereby to understand how prevention 
and early treatment may be addressed more efficiently. 
Furthermore, the understanding of predictors of child-
hood OWOB may improve by addressing the significance 
of potential exposures in societies with different habits 
and prevalence of OWOB. Underweight (UW) in child-
hood has rarely been addressed in otherwise healthy 
children, and studies in Norway indicate that the preva-
lence of UW during early childhood has not changed in 
the same manner as OWOB during the last decades.14 15 
We therefore suggest that UW during early childhood is 
more related to genetic predisposition than OWOB and 
that including UW in studies of OWOB may add to the 
understanding of the OWOB epidemic. The aim of this 
population-based Norwegian study was to identify social 
and somatic determinants of UW, OW and OB at 5–6 
years of age from comprehensive data obtained during 
pregnancy and early childhood.
MethODs
Participants
Parents of all children entering school in Oppland County, 
Norway, in 2007, were invited to participate in the study 
when bringing their children to the routine school entry 
health check-up at 5–6 years of age. Information on demo-
graphic and social factors, somatic health, behaviour and 
family habits was collected by means of a parental ques-
tionnaire completed at home, and current height and 
weight, and crown–heel length and weight registered at 
birth were reported by the public health nurses. For chil-
dren of families who declined to participate, anonymous 
information on current age, sex, weight and height was 
obtained and reported by the public health nurse. For 
children born in Oppland County, parents were asked for 
permission to link the data to the Oppland perinatal data-
base. In this database, data on mothers’ prepregnancy 
height and weight, weight at the end of pregnancy, health 
and habits before and during pregnancy, birth and infant 
characteristics were recorded prospectively.
In Norway, virtually all families attend the standard 
follow-up programme for children from birth to school 
entry in the public child health clinics. In 2007, the popu-
lation of Oppland County, which is 1 of 20 counties in 
Norway, was approximately 183 000. The county has 26 
municipalities; two of them are cities with 25 000–30 000 
citizens in each, while the rest are rural municipalities 
with towns of variable sizes.
The study was approved by the Regional Committee 
on Medical Research Ethics (REK 1.2006.3491) and 
the Norwegian Data Protection Official for Research 
(02–2006 SI). A signed consent was obtained from one 
of the parents.
Details about measurements and variables used for 
describing characteristics and evaluated as potential 
exposures of UW, OW and OB are presented in online 
supplementary table 1.
Measurements
Birth weight (BW) and crown–heel length were measured 
by midwives at the time of birth and reported to the 
public healthcare clinics. Height and weight at 5 years 
were measured by the public health nurses. Body mass 
index (BMI) was calculated as weight/height2 (kg/m2). 
Prepregnancy height and weight were self-reported, 
and weight at the end of pregnancy was measured in 
the hospital prior to delivery. Pregnancy weight gain 
was calculated and classified as appropriate or excessive 
according to US guidelines from 2009.16
Definitions of the weight groups UW, normal weight 
(NW), OW and OB were based on the sex-specific and 
age-specific BMI criteria (iso-BMI) of the International 
Obesity Task Force17 18 for the children and according 
to the WHO classification for their parents.19 SD scores 
(SDS) for the children were based on the current Norwe-
gian growth references.20 Infants were defined as being 
born small for gestational age (SGA), appropriate for 
gestational age or large for gestational age according to 
sex-specific Norwegian percentiles.21
Variables
The main outcomes were UW, OW and OB at 5 years of 
age.17 Exposure variables were anthropometric measure-
ments at birth and a wide set of information provided by 
the parents in the questionnaire and data from the preg-
nancy database. We dichotomised several ordinal variables 
in order to create variables that allowed for meaningful 
comparisons between weight groups and avoid excessive 
skewness.
Frequencies of different meals and consumption of 
various food and drink items were recorded, and among 
these we chose to use frequency of consumption of 
fruits and vegetables as an index of healthy nutrition 
and of sugar-sweetened beverages and sweets/snacks 
as an index of unhealthy nutrition. Physical activity was 
rated by parents in three dimensions, endurance, gross 
motor skills and level of activity in sports and play, and a 
combined activity score was computed and dichotomised 
as below or at/above a score of 6 (high score reflecting 
low activity). Additionally, physical activity per week was 
reported as frequency and as hours of being active enough 
to experience heavy breathing or sweating. Screen time 
(TV, videogames and so on) was recorded as hours per 
day. Binary exposure variables in addition to sex were 
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(yes/no) premature birth, kindergarten since 2 years of 
age, antibiotics more than three times, asthma medica-
tion, dental caries, exclusive breast feeding for more than 
4 months, television in the child’s bedroom, living with 
one caretaker, having siblings, maternal and paternal 
education beyond high school, mother smoking, parents 
working full-time or part-time, parents of western origin 
(Europe and North America) and parents with UW, OW 
or OB. Place of residence was categorised as urban and 
rural.
From the Oppland perinatal database, we obtained 
prepregnancy height and weight, pregnancy weight gain, 
BW and the following binary variables (yes/no): mother 
working before pregnancy and smoking in pregnancy.
statistics
Descriptive statistics are presented as counts and per 
cents (%) for categorical variables and means with SD 
for continuous variables. Participants and children whose 
parents declined were compared using Student’s t-test 
and Pearson’s χ2 test. Among participants, differences in 
characteristics between the four weight groups (BMI cate-
gory: UW, NW, OW and OB) were explored using one-way 
analysis of variance (ANOVA) for continuous and χ2 test 
for categorical variables. When ANOVA or χ2 test across 
all weight groups were significant, we performed post hoc 
pairwise testing, comparing groups to NW children, by 
Dunnett’s t-test (continuous variables) or χ2 test (categor-
ical variables).
The significance of potential explanatory variables 
on outcome in terms of the current weight groups UW, 
OW and OB relative to NW was first analysed in sepa-
rate bivariate analyses with the ordinal weight group 
variable (increasing from UW through NW, OW and 
OB) at 5 years of age, and thereafter assessed in a multi-
nomial logistic regression analysis with variable-specific 
reference categories for categorical variables or per unit 
increase for continuous variables. In developing the 
regression model, all explanatory variables that in bivar-
iate analyses showed significant relation to BMI category 
in ANOVA or χ2 test were explored for inclusion and 
significance in a multinomial regression model. The 
explanatory variables included in an a priori model 
were based on earlier literature and strength of asso-
ciation in the post hoc bivariate analyses following the 
ANOVA and χ2 tests, that is, BMI of the mother and 
father, crown–heel length SDS and weight SDS at birth, 
maternal education, single parent and maternal and 
paternal smoking. To avoid excessive loss of statistical 
power due to a high number of variables in a limited 
study sample, we then sequentially tested inclusion 
of potential explanatory variables one at a time into 
the model. All variables found significant during this 
sequential testing were assessed in combination using 
an all-in backward stepwise selection procedure. In the 
final model, we tested 38 possibly relevant interactions 
between the remaining variables. They were selected on 
the basis of literature and theoretical considerations by 
the authors. Important variables were tested for different 
interactions and multicollinearity. Finally, the effects of 
parental education and parental BMI group (stratified) 
on child outcome in terms of UW and OWOB versus NW 
were assessed in two separate logistic regression models 
based on the variable selection in our final multinomial 
model. SPSS Statistics for Windows V.21.0 was used for 
all analyses. p Values ≤0.05 was considered statistically 
significant. The BMI SDS were calculated in R V.2.6.0 
(The R Foundation for Statistical Computing, Vienna, 
Austria) using the Norwegian growth references.20
results
The mean age (SD) of all eligible children (n=1895) 
was 5.70 (0.49) years, and 923 (48.7%) were boys. The 
mean BMI (SD) was 15.93 (1.97) for the girls and 15.92 
(1.71) for the boys (p=0.90). There were no significant 
sex differences in prevalence of UW, OW or OB (p=0.28), 
that is, the respective prevalence for boys and girls were 
9.1% versus 8.5% for UW, 10.4% versus 13.1% for OW 
and 3.7% versus 4.2% for OB. For 2.7% of the children, 
one or both parents were of non-Western, mostly Asian, 
ethnicity.
Of the 1119 families who answered the questionnaires 
(59% of eligible families), 31 were excluded from further 
analyses because data on height, weight or age at 5 years 
were missing. The participation rate varied from 20% to 
85% for the various municipalities in the county. The 
mean BMI did not differ between the participants and 
those who declined, but the prevalence of OW and OB 
were slightly lower for the participants (table 1). Preg-
nancy data were available for 749 of the children. This 
subgroup did not differ from those without pregnancy 
data on any of the exposure or outcome variables (data 
not shown).
In separate bivariate analyses, the ordinal weight group 
variable (increasing from UW through NW, OW and OB) 
at 5 years of age was positively associated with exposures 
during foetal and early life, that is weight, BMI and their 
respective SDS at birth, prepregnancy weight, excessive 
pregnancy weight gain and smoking during pregnancy 
and exclusive breast feeding less than 4 months (table 2a), 
with unfavourable current child health and habits, that is, 
increasing rate of dental caries, a combined physical 
activity score lower than peers and TV in the bedroom 
(table 2b) and sociodemographic factors and health of the 
family, that is, increasing prevalence of low parental 
education, father out of work, parents of non-Western 
ethnicity, single parenthood, smoking mothers, being 
an only child and increasing BMI and prevalence of 
obesity among parents and siblings (table 2c). Increasing 
weight group was not associated with being a twin, having 
a chronic disease (prevalence 2.1%, eg, diabetes, heart 
disease and coeliac disease), hospital admissions, being 
breast fed or not (overall prevalence 89.3%, range 81.6–
90.6 between the groups), frequency or extent of physical 
activity, screen time, teenage mother, pre-eclampsia, 
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Table 1 Characteristics of the children who participated and declined
Characteristic Participated (n=1088) Declined (n=776) p Value*
Age (years), mean (SD) 5.71 (0.44) 5.68 (0.57) 0.185
Height (cm), mean (SD) 116.4 (5.8) 116.1 (5.7) 0.307
Weight (kg), mean (SD) 21.62 (3.55) 21.73 (4.01) 0.536
Body mass index (kg/m2), mean (SD) 15.87 (1.71) 16.01 (2.02) 0.107
Boys, n (%) 526 (47.0) 397 (51.2) 0.075
Weight groups, n (%) 0.018
  Underweight† 85 (7.8) 78 (10.1)
  Normal weight† 850 (78.1) 553 (71.7)
  Overweight† 115 (10.6) 104 (13.5)
  Obese† 38 (3.5) 36 (4.7)
Overweight or obese 153 (14.1) 140 (18.2) 0.017
*Students’ t- and χ2 tests.
†Based on body mass index.17
gestational diabetes, gestational age at birth or mode of 
delivery (online supplementary table 2).
When compared with NW children in separate bivar-
iate analyses, UW at 5 years was significantly associated 
with lower weight, BMI and being SGA at birth, and lower 
prepregnancy and current maternal, paternal and sibling 
BMI, but not with indices of habits related to nutrition, 
physical activity or sociodemographic factors (table 2a-c). 
OW and OB, however, were not significantly associated 
with weight, length or BMI at birth, or with being born 
with BW above 4000 g, but with higher prepregnancy BMI 
and current high maternal, paternal and sibling BMI, 
pregnancy weight gain above recommended, maternal 
smoking during pregnancy and current smoking status, 
limited breast feeding and low parental education. 
Parents of children with OW and OB reported that their 
children had a poorer combined physical activity score 
than their peers, that is, lower endurance, motor skills 
and physical activity, and the OW and OB children were 
more often living with one caretaker and with parents of 
non-western ethnicity. OB children more often had TV 
in the bedroom and dental caries, but according to the 
parents, they ate sweets as frequently as their NW peers 
(table 2a-c).
In the multinomial logistic regression model, the 
only significant interaction was between maternal BMI 
and BW SDS, and this interaction was included in the 
final model (table 3). Test for possible multicollinearity 
revealed a moderately reduced tolerance for BW SDS 
and birth length SDS (both 0.33), but minimal multicol-
linearity among other covariates. Overall, deviations from 
NW (UW, OW and OB) at 5 years were significantly asso-
ciated with maternal age, education and smoking habits, 
and maternal and paternal BMI (equally strong), having 
no siblings, eating fruit 5 days or more often per week 
and weight and length SDS at birth (table 3). UW was 
associated with low paternal BMI, low BW SDS and high 
birth length SDS, OW with low maternal education and 
smoking, high parental BMI, no siblings, eating fruits 5 
days or more often per week and high BW SDS, and OB 
with low maternal age, high parental BMI, low maternal 
education and maternal smoking (table 3). The model 
explained 13% of the variance (McFadden’s pseudo-R-
squared).
Since there was a significant interaction between the 
associations of maternal BMI and offspring BW SDS and 
the risk of childhood OWOB, we performed additional 
multinomial regression analyses with stratification by the 
interaction variables. In this model, increasing BW was 
only significantly associated with increasing risk of child-
hood OW when mothers had NW or were overweight, but 
not when the mothers were obese, and BW was not asso-
ciated with risk of childhood obesity. However, increasing 
maternal BMI was only associated with a risk of OW and 
OB for children with medium BW SDS, and not with low 
or high BW SDS (online supplementary table 3).
In the multivariable logistic regression analyses, OWOB 
was strongly associated with parental OWOB and low 
education, especially on part of the mother (table 4a). 
These effects were still strong after adjusting for the 
somatic and environmental factors in the multinomial 
model in table 3. For UW children, there were no such 
associations (table 4b).
DIscussIOn
The prevalence of OW and OB was lower than reported for 
this age group in many other countries6 22 but similar to a 
previous report from another part of Norway.7 The broad 
picture from the unadjusted analyses was that high BMI at 
5 years of age was related to a wide range of unfavourable 
sociodemographic and behavioural factors in addition 
to high parental BMI and marginally to anthropometric 
measures at birth. However, in the adjusted analyses, 
OW and OB and OWOB combined, were still closely 
related to high parental BMI and sociodemographic and 
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Table 4 Relative risk of overweight or obesity (OWOB, table 4a) and underweight (UW, table 4b) at 5 years of age expressed 
as ORs and 95% CIs according to parental level of education and presence or absence of OWOB or UW. Higher education 






4a. Relative risk of OWOB
  Normal weight parents with higher education 196 1 1
  Normal weight parents with lower education 87 3.6 (1.5 to 8.4) 3.3 (1.3 to 8.6)
  OWOB parents with higher education 416 2.4 (1.2 to 5.0) 2.1 (1.0 to 4.5)






  Normal weight mother with higher education 375 1 1
  Normal weight mother with lower education 242 2.1 (1.3 to 3.4) 3.0 (1.6 to 5.8)
  OWOB mother with higher education 162 2.3 (1.3 to 3.9) 3.4 (1.7 to 6.8)






  Normal weight father with higher education 144 1 1
  Normal weight father with lower education 185 2.6 (1.5 to 4.5) 2.6 (1.0 to 6.8)
  OWOB father with higher education 223 2.8 (1.5 to 5.1) 1.9 (0.7 to 5.1)
  OWOB father with lower education 349 6.2 (3.6 to 10.5) 4.2 (1.7 to 10.2)






  Normal weight mother with higher education 375 1 1
  Normal weight mother with lower education 242 1.4 (0.8 to 2.3) 1.3 (0.6 to 2.6)
  UW mother with higher education 9 3.0 (0.6 to 14.8) 2.4 (0.4 to 13.8)
  UW mother with lower education 8 n/a n/a
*Adjusted for the variables in the final model in table 3 (sex, maternal smoking, siblings, fruit >5 days/week, maternal age, birth weight SDS, 
birth length SDS) stratified by combinations of parental body mass index and education.
behavioural factors, while OW, but not OB, was positively 
related to BW. Furthermore, increasing BW was only asso-
ciated with OW for offspring of mothers who were not 
obese, while high maternal BMI was only associated with 
OW and OB for children with normal BW. UW was mainly 
related to paternal BMI and measurements at birth, but 
not to sociodemographic or behavioural factors. Thus, 
as the risks of UW as well as OW and OB were related 
to parental BMI, genetic factors probably contributed in 
all groups, but from the overall pattern, we suggest that 
sociodemographic and behavioural factors were the most 
important risk factors of OW and OB at 5 years and that 
genetic factors were a relatively more important risk factor 
of OW than OB. This speculation may be plausible since 
BMI of OW in early childhood to a significant part may 
reflect high lean body mass. UW was unrelated to envi-
ronmental factors, but low parental and child BMI may 
reflect both genetic heredity and shared environmental 
factors, and we cannot exclude that rigorous behaviour 
towards presumed healthy living may have contributed to 
the risk of UW since our exposure variables were rather 
crude and based on information on behaviour provided 
by the parents. Furthermore, the study possibly lacked 
statistical power to detect effects of environmental factors 
due to the relatively low number of UW children.
High parental BMI may reflect genetic vulnerability 
towards OWOB,23 as well as unfavourable in utero environ-
mental influences16 24 and postnatal maternal and family 
dietary and other shared habits.25 26 Such relationships 
may affect the offspring through foetal programming 
or developmental plasticity, and this relationship may 
be signalled, or possibly mediated, by weight and body 
composition at birth.27 28 Heavier mothers tend to give 
birth to heavier babies29 and babies with a higher relative 
fat mass,30 and studies have shown a positive association 
between higher BW and OB in later childhood and adult-
hood.31 32 Our finding that anthropometric measures 
at birth were associated with OW, but not with OB, in 
the adjusted analyses may indicate that shared environ-
mental factors were relatively more important for the 
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development of excess fat mass than lean body mass since 
OB is usually characterised by higher body fat percentage 
than OW.33 34
Offspring of smoking mothers tend to have lower 
BW, but they are reported to have a higher risk of later 
adiposity.35 In our study, maternal smoking remained a 
significant risk factor for OW and OB after adjusting for 
other factors, but whether smoking just reflected other 
unfavourable family habits or had a direct effect remains 
speculative. Intrauterine growth restriction has also been 
associated with risk of adiposity,36 37 but no such tendency 
was observed at the age of 5 years in the present study.
We found a cumulative effect of parental BMI and 
education for the outcome OWOB but not for UW 
(table 4). The effects on OWOB were present for both 
parents but were considerably stronger for the mothers 
than the fathers. This may suggest a more profound effect 
of maternal factors, possibly through genetic factors or 
fetal programming, or merely reflect the mothers’ domi-
nating influence on family habits, at least when the 
children are young.
Our findings that the prevalence of OWOB did not 
differ between urban and rural living or between single 
caretaker and two-parent families in adjusted analyses 
are in agreement with some,7 38 39 but not with other 
studies.11 12 40 41 The lack of effect of urbanisation may 
be due to the small size of the cities and their proximity 
to rural areas or that relevant differences may not occur 
or take effect until later12 when differences in everyday 
transportation to school and leisure time activities may 
differ. The non-significant association between living 
with a single caretaker and risk of OB may be due to lack 
of statistical power since 87% of the children lived with 
two caretakers. It is remarkable that dietary habits were 
not or only marginally associated with BMI, OW or OB, 
as positive associations have been found in other Norwe-
gian studies.42–44 It is possible that unhealthy diets were 
under-reported, as suggested for OW children in another 
study,45 but another possibility was reversed causality, that 
is, that the OWOB children were put on more healthy 
or energy restricted diets because they were overweight. 
Reported physical activity did not differ much between 
the groups. The reason may be that differences in phys-
ical activity are small at this young age when spontaneous 
play is predominant and more organised activity is largely 
limited to joint activities in kindergarten, which was 
attended by more than 90% of the children. Alternatively, 
the questions related to physical activity may have been 
too weak and subjective to disclose differences. In the 
present study, there were also tendencies towards posi-
tive relationships between additional socioeconomic and 
environmental exposures and OWOB, also in the adjusted 
analyses, like limited breast feeding, use of asthma medi-
cations and antibiotics, presence of caries and TV in 
the child’s bedroom. These findings may be of interest 
as such associations have been reported by others,46–50 
and the current study may have been too small to detect 
significant associations. Whether associations with asthma 
and antibiotics are directly related to the medications, 
indirectly to the effects of disease or just were markers 
of harmful family habits or environments, such as house-
hold smoking, need to be explored.
The strengths of this study were both the knowledge of 
weight and height for all eligible children in the county 
and the extensive information on those who participated. 
We cannot exclude some selection bias since there were 
slightly more children with UW, OW and OB in the fami-
lies who declined participation. However, the difference 
in growth parameters were small, and limited participa-
tion were probably mainly due to variation in willingness 
of public health nurses to recruit families rather than vari-
ation in willingness on part of the families, as suggested 
by the wide variation in participation rates in different 
municipalities. Recall bias may have led to underestima-
tion of true effects of certain exposures, and the relatively 
small numbers of OW and UW, and particularly OB 
children, may have resulted in a lack of statistical power 
to detect additional true risk factors for these catego-
ries. Parental weight, height and habits, for example, 
related to nutrition and physical activity, were based 
on self-report and may be biased, although it has been 
shown that self-reported weights and heights are closely 
related to actual measurements in adults.51 In general, it 
is important to keep in mind that cross-sectional associ-
ations in observational studies may not be causal or may 
result from reverse causality.
cOnclusIOn
Our results suggest that the predictive value of BW and 
other measures of size at birth may be relatively high 
for UW, but limited for OW and, in particular, for OB, 
at 5 years of age and that high parental BMI, particularly 
when combined with unfavourable family sociodemo-
graphic factors, are the dominant inducting risk factors 
for early childhood OWOB. Prevention is essential in 
order to curtail the OWOB epidemic, and in our opinion, 
this study shows that families with these risk factors should 
be targeted for close intervention early, preferably before 
or during pregnancy.
Acknowledgements The authors are indebted to Anne Berit K Sundby, RN, and 
Ragnhild Gunstad, RN, for extensive technical assistance. We are grateful to all the 
families who participated in this cohort study.
contributors HMD: planning, statistical analyses, interpretation of results and 
initial drafting and writing the paper. JHG: planning, participation in collection of 
data, statistical analyses, interpretation of results and initial drafting and writing 
the paper. PBJ: planning, presentation, analyses and interpretation of results 
and writing the paper. GEE: planning of presentation and statistical analyses, 
interpretation of results and writing of the paper. JH: conceptualisation and design 
of the study, collection of data, planning and interpretation of the results. RB: 
planning, presentation, analyses and interpretation of results and writing the paper. 
TM: conceptualisation and design of the study, collection of data, presentation and 
interpretation of results and writing the paper. HMD had primary responsibility for 
writing and final content. All authors read and approved the final version of the 
paper.
Funding This study was supported by unrestricted grants from the Innlandet 
Hospital Trust. The funding source did not play any role in the design and conduct of 
P
rotected by copyright.
 on January 14, 2020 at H










pen: first published as 10.1136/bm





12 Donkor HM, et al. BMJ Open 2017;0:e014548. doi:10.1136/bmjopen-2016-014548
Open Access 
the study; in the collection, management, analysis or interpretation of the data; or in 
the preparation, review or approval of the manuscript.
competing interests All authors have completed the ICMJE uniform disclosure 
form at www. icmje. org/ coi_ disclosure. pdf and declare: no support from 
any organisation for the submitted work; no financial relationships with any 
organisations that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influenced the 
submitted work.
Patient consent Guardian consent obtained.
ethics approval Regional Committee on Medical Research Ethics and the 
Norwegian Data Protection Official for Research.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No other data are published or available from the study.
Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/
© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.
reFerences
 1. Ng M, Fleming T, Robinson M, et al. Global, regional, and national 
prevalence of overweight and obesity in children and adults during 
1980-2013: a systematic analysis for the global burden of disease 
study 2013. Lancet 2014;384:766–81.
 2. Forouzanfar MH, Alexander L, Anderson HR, et al. Global, regional, 
and national comparative risk assessment of 79 behavioural, 
environmental and occupational, and metabolic risks or clusters 
of risks in 188 countries, 1990-2013: a systematic analysis for the 
Global Burden of Disease Study 2013. Lancet 2015;386:2287–323.
 3. Simmonds M, Burch J, Llewellyn A, et al. The use of measures of 
obesity in childhood for predicting obesity and the development 
of obesity-related diseases in adulthood: a systematic review and 
meta-analysis. Health Technol Assess 2015;19:1–336.
 4. Lobstein T, Baur L, Uauy R, et al. IASO International Obesity 
TaskForce. Obesity in children and young people: a crisis in public 
health. Obes Rev 2004;5 Suppl 1:4–85.
 5. World Health Organization. Obesity and overweight. Fact sheet. 
http://www. who. int/ mediacentre/ factsheets/ fs311/ en/ (accessed 1 jul 
2016).
 6. Wijnhoven TM, van Raaij JM, Spinelli A, et al. WHO European 
Childhood Obesity Surveillance Initiative: body mass index and 
level of overweight among 6-9-year-old children from school 
year 2007/2008 to school year 2009/2010. BMC Public Health 
2014;14:806.
 7. Júlíusson PB, Eide GE, Roelants M, et al. Overweight and obesity in 
Norwegian children: prevalence and socio-demographic risk factors. 
Acta Paediatr 2010;99:900–5.
 8. Norwegian Institute of Public Health. Proportion of overweight and 
obese children stable in Norway. https://www. fhi. no/ en/ all- news- by- 
year/ 2016/ stabil- andel- barn- med- overvekt- og- fedme/ (accessed 1 
Jul 2016).
 9. Silventoinen K, Rokholm B, Kaprio J, et al. The genetic and 
environmental influences on childhood obesity: a systematic review 
of twin and adoption studies. Int J Obes 2010;34:29–40.
 10. Davis MM, Gance-Cleveland B, Hassink S, et al. Recommendations 
for prevention of childhood obesity. Pediatrics 2007;120 Suppl 
4:S229–S253.
 11. Biehl A, Hovengen R, Grøholt EK, et al. Parental marital status 
and childhood overweight and obesity in Norway: a nationally 
representative cross-sectional study. BMJ Open 2014;4:e004502.
 12. Biehl A, Hovengen R, Grøholt EK, et al. Adiposity among children 
in Norway by urbanity and maternal education: a nationally 
representative study. BMC Public Health 2013;13:842.
 13. Rokholm B, Baker JL, Sørensen TI. The levelling off of the 
obesity epidemic since the year 1999--a review of evidence and 
perspectives. Obes Rev 2010;11:835–46.
 14. Statistics Norway. Underweight and overweight among girls and 
boys. 17-year old youth - every 10th girl underweight? [Undervekt og 
overvekt blant jenter og gutter. 17-årige ungdommer - hvert 10. jente 
undervektig?]. http://www. ssb. no/ helse/ artikler- og- publikasjoner/_ 
attachment/ 100639?_ ts= 13d35242ca0 (accessed 02 Dec 2017).
 15. Júlíusson PB, Roelants M, Eide GE, et al. Overweight and obesity 
in Norwegian children: secular trends in weight-for-height and 
skinfolds. Acta Paediatr 2007;96:1333–7.
 16. IOM (Institute of Medicine)NRC (National Research Council). Weight 
Gain during Pregnancy: reexamining the guidelines. Washington, DC: 
Press TNA, 2009.
 17. Cole TJ, Bellizzi MC, Flegal KM, et al. Establishing a standard 
definition for child overweight and obesity worldwide: international 
survey. BMJ 2000;320:1240–3.
 18. Cole TJ, Flegal KM, Nicholls D, et al. Body mass index cut offs to 
define thinness in children and adolescents: international survey. 
BMJ 2007;335:194.
 19. World Health Organisation. The International classification of adult 
underweight, overweight and obesity according to BMI.  apps. who. 
int/ bmi/ index. jsp? introPage= intro_ 3. html (accessed 18 Nov 2014).
 20. Júlíusson PB, Roelants M, Nordal E, et al. Growth references for 0-19 
year-old Norwegian children for length/height, weight, body mass 
index and head circumference. Ann Hum Biol 2013;40:220–7.
 21. Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by gestational 
age in Norway. Acta Obstet Gynecol Scand 2000;79:440–9.
 22. Cunningham SA, Kramer MR, Narayan KM. Incidence of childhood 
obesity in the United States. N Engl J Med 2014;370:403–11.
 23. Locke AE, Kahali B, Berndt SI, et al. Genetic studies of body 
mass index yield new insights for obesity biology. Nature 
2015;518:197–206.
 24. Knudsen VK, Heitmann BL, Halldorsson TI, et al. Maternal dietary 
glycaemic load during pregnancy and gestational weight gain, birth 
weight and postpartum weight retention: a study within the Danish 
National Birth Cohort. Br J Nutr 2013;109:1471–8.
 25. Dubois L, Ohm Kyvik K, Girard M, et al. Genetic and environmental 
contributions to weight, height, and BMI from birth to 19 years of 
age: an international study of over 12,000 twin pairs. PLoS One 
2012;7:e30153.
 26. Skidmore PM, Cassidy A, Swaminathan R, et al. An obesogenic 
postnatal environment is more important than the fetal environment 
for the development of adult adiposity: a study of female twins. Am J 
Clin Nutr 2009;90:401–6.
 27. Hochberg Z, Feil R, Constancia M, et al. Child health, 
developmental plasticity, and epigenetic programming. Endocr Rev 
2011;32:159–224.
 28. Desai M, Jellyman JK, Ross MG. Epigenomics, gestational 
programming and risk of metabolic syndrome. Int J Obes 
2015;39:633–41.
 29. Yu Z, Han S, Zhu J, et al. Pre-pregnancy body mass index in relation 
to infant birth weight and offspring overweight/obesity: a systematic 
review and meta-analysis. PLoS One 2013;8:e61627.
 30. Catalano PM, Ehrenberg HM. The short- and long-term implications 
of maternal obesity on the mother and her offspring. BJOG 
2006;113:1126–33.
 31. Kristiansen AL, Bjelland M, Brantsæter AL, et al. Tracking of body 
size from birth to 7 years of age and factors associated with 
maintenance of a high body size from birth to 7 years of age--the 
Norwegian mother and Child Cohort study (MoBa). Public Health 
Nutr 2015;18:1746–55.
 32. Yu ZB, Han SP, Zhu GZ, et al. Birth weight and subsequent risk 
of obesity: a systematic review and meta-analysis. Obes Rev 
2011;12:525–42.
 33. Taylor RW, Jones IE, Williams SM, et al. Body fat percentages 
measured by dual-energy X-ray absorptiometry corresponding to 
recently recommended body mass index cutoffs for overweight and 
obesity in children and adolescents aged 3-18 y. Am J Clin Nutr 
2002;76:1416–21.
 34. Kyle UG, Schutz Y, Dupertuis YM, et al. Body composition 
interpretation. contributions of the fat-free mass index and the body 
fat mass index. Nutrition 2003;19(7-8):597–604.
 35. Rv K, Toschke AM, Koletzko B, et al. Maternal smoking during 
pregnancy and childhood obesity. Am J Epidemiol 2002;156:954–61.
 36. Varvarigou AA. Intrauterine growth restriction as a potential risk 
factor for disease onset in adulthood. J Pediatr Endocrinol Metab 
2010;23:215–24.
 37. Meas T, Deghmoun S, Armoogum P, et al. Consequences of being 
born small for gestational age on body composition: an 8-year 
follow-up study. J Clin Endocrinol Metab 2008;93:3804–9.
 38. Moraeus L, Lissner L, Yngve A, et al. Multi-level influences on 
childhood obesity in Sweden: societal factors, parental determinants 
and child's lifestyle. Int J Obes 2012;36:969–76.
 39. Santiago S, Zazpe I, Cuervo M, et al. Perinatal and parental 




 on January 14, 2020 at H










pen: first published as 10.1136/bm





 13Donkor HM, et al. BMJ Open 2017;0:e014548. doi:10.1136/bmjopen-2016-014548
Open Access
 40. Hesketh K, Carlin J, Wake M, et al. Predictors of body mass index 
change in Australian primary school children. Int J Pediatr Obes 
2009;4:45–53.
 41. Hawkins SS, Cole TJ, Law C, et al. An ecological systems approach 
to examining risk factors for early childhood overweight: findings 
from the UK Millennium Cohort Study. J Epidemiol Community 
Health 2009;63:147–55.
 42. Andersen LF, Lillegaard IT, Øverby N, et al. Overweight and obesity 
among Norwegian schoolchildren: changes from 1993 to 2000. 
Scand J Public Health 2005;33:99–106.
 43. Grøholt EK, Stigum H, Nordhagen R. Overweight and obesity among 
adolescents in Norway: cultural and socio-economic differences. J 
Public Health 2008;30:258–65.
 44. Kristiansen H, Júlíusson PB, Eide GE, et al. TV viewing and obesity 
among Norwegian children: the importance of parental education. 
Acta Paediatr 2013;102:199–205.
 45. Fiorito LM, Ventura AK, Mitchell DC, et al. Girls' dairy intake, energy 
intake, and weight status. J Am Diet Assoc 2006;106:1851–5.
 46. Bailey LC, Forrest CB, Zhang P, et al. Association of antibiotics in 
infancy with early childhood obesity. JAMA Pediatr 2014;168:1063–9.
 47. Adachi-Mejia AM, Longacre MR, Gibson JJ, et al. Children with a 
TV in their bedroom at higher risk for being overweight. Int J Obes 
2007;31:644–51.
 48. Yan J, Liu L, Zhu Y, et al. The association between breastfeeding 
and childhood obesity: a meta-analysis. BMC Public Health 
2014;14:1267.
 49. Egan KB, Ettinger AS, Bracken MB. Childhood body mass index 
and subsequent physician-diagnosed asthma: a systematic review 
and meta-analysis of prospective cohort studies. BMC Pediatr 
2013;13:121.
 50. Li LW, Wong HM, Peng SM, et al. Anthropometric measurements and 
dental caries in children: a systematic review of longitudinal studies. 
Adv Nutr 2015;6:52–63.
 51. Tang W, Aggarwal A, Moudon AV, et al. Self-reported and measured 




 on January 14, 2020 at H










pen: first published as 10.1136/bm





Supplementary Table 1. Study variables: definitions and data sources. 
 
Data sources for the extracted variables: 
• OHGS: Oppland health and growth study 
• OPD: Oppland perinatal database 
 
Covariate Categories / definitions 
 
 
Early life predictors 
Body mass index (BMI) category 
groups  
Based on sex and age specific BMI criteria of the 
International Obesity Task Force (Iso-BMI) [1 ,2] 
 
Iso-BMI are sex specific BMI values equivalent to 
specific adult values (e.g. adult BMI 25) at 
different ages  
 
Underweight:      Iso-BMI < 18.5 
Normal weight:   Iso-BMI 18,5-25 
Overweight:        Iso-BMI 25-30 
Obesity:              Iso-BMI >30  
Birth weight Continuous measure, kg (two decimals)  
Recorded by midwives immediately after birth. 
OHGS 
Birth weight standard deviation score 
(SDS) 
Based on current Norwegian growth references [3] 
OHGS 
Crown-heel length at birth (cm) Continuous measure, cm  
Recorded by midwives immediately after birth. 
OHGS 
Crown-heel length SDS at birth Based on current Norwegian growth references [3] 
OHGS 
BMI SDS birth Based on current Norwegian growth references [3] 
OHGS
 
Small for gestational age (SGA) Birth weight < 10
th
 percentile for gestational age  
Based on recent Norwegian birth percentiles  [4] 
OPD 
Large for gestational age (LGA) Birth weight > 90
th
 percentile for gestational age 




Gestational age (at birth) (days) Relative to estimated date of delivery (EDD). 
Based on ultrasound assessment at 17-19 weeks’ 
gestation or last menstrual period if ultrasound 
assessment was unavailable. 
OPD 
Premature birth Birth at < 37 weeks of gestation  
OHGS 





Breastfed  Yes/no.  
OHGS 
Exclusive breastfeeding  Months of exclusive breastfeeding dichotomized: 
0-4 vs > 4 months   
OHGS 
Mothers’ age at birth (years) Age in years (two decimals) at time of delivery.  
OHGS 
Mother  < 20 years at birth Yes/no. 
OHGS 




) Pre-pregnancy BMI based on recall at 15 weeks 
gestation or earlier (usually registered in 
pregnancy records at first pregnancy care visit) 
and entered in the perinatal database at the time of 
ultrasound screening at approximately 17 weeks´ 
gestation 
OPD 
Gestational weight gain (kg) Weight gain: weight recorded at delivery minus 
pre-pregnancy weight (see above).  
OPD 
Gestational weight gain above 
recommended 
Defined according to the guidelines from the 
Institute of Medicine and National Research 
Council (USA) from 2009, depend on pre-
pregnancy BMI category[5] 
 
1 = Appropriate or insufficient weight gain 
2 = Excessive weight gain 
OPD 
Smoking at week 18 in pregnancy Recorded at approximately 17 weeks’ gestation 
No/yes (occasional or daily).  
OPD 
Preeclampsia during pregnancy Yes/no. 
Diastolic blood pressure > 90 mmHg and 
proteinuria. 
OPD 
Diabetes during pregnancy Including both gestational diabetes and type I and 
II diabetes, plus unspecified.   
 
Current definition in Norway for gestational 
diabetes during study period: fasting blood glucose 
> 6.1 mmol/l, or 2-hour-glucose-level > 7.8 






Children’s early childhood and current health and habits. 
Current child height SDS Height was measured by public health nurses at 
pre-school health examinations, and recorded to 
the nearest 0.1 cm 
SDS scores were based on current Norwegian 
growth references [3] 
OHGS 
Current child weight SDS Weight was measured by public health nurses at 
pre-school health examinations, while wearing 
light clothes, and recorded to the nearest 0.1 kg 
SDS scores were based on current Norwegian 
growth references [3] 
OHGS 




SDS scores were based on current Norwegian 
growth references [3] 
OHGS 
Chronic malformation or disease  Diagnosis reported by the parents, manually 
checked by the authors. The major diagnoses were 
diabetes, heart disease and celiac disease. Asthma 
or allergy was not included.  
OHGS  
Asthma medication Medication for asthma after 2 years of age: 
 
Corticosteroids, medication for asthma attacks or 
other maintenance medications, yes/no 
OHGS 
Antibiotics ≥ 3 times Number of times the child had been treated with 
antibiotics, irrespective of course  
 
Dichotomized: 
1: 0-2 times (n = 852) 
2: ≥ 3 times (n = 267)  
OHGS 
Hospital admissions  Yes/no. 
Of any cause, from birth until preschool 
examination 
OHGS 
Dental caries Yes/no. 
OHGS 
Combined physical activity score 
poorer than peers 




1 = like peers 
2 = slightly less than peers 
3 = markedly less than peers 
 
Gross motor skills:  
1 = better than peers 
2 = like peers 
3 = poorer than peers 
 
Level of activity in sports and play:  
1 = more active than peers 
2 = like peers 
3 = less active than peers  
 
A combined activity score was computed from the 
three dimensions (minimum 3-maximum 9), 
increasing score reflected lower activity 
 
Dichotomized: 
1 = score < 6 (n = 1048) 
2 = score ≥ 6 (n = 56) 
OHGS 
Physical activity (frequency) Reported as frequency of being active enough to 
experience heavy breathing or sweating 
1 = never 
2 = <1 time/month 
3 = 1-3 times/month 
4 = 1 time/week 
5 = 2-3 times/week 
6 = 4-6 times/week 
7 = daily 
 
Dichotomized as: 
<2 times/week (n=170) or  
≥2 times/week (n=879) 
OHGS 
Physical activity per week  Reported as number of hours being active enough 
to experience heavy breathing or sweating per 
week 
1 = none 
2 = ½ hour 
3 = 1 hour 
4 = 2-3 hours 
5 = 4-6 hours 
6 = ≥ 7 hours 
OHGS 
Screen time per day (hours) TV, videogames etc.  
1 = None 
2 = < ½ hour  
3 = ½ - 1 hour 
4 = 2-3 hours 
5 = 3-4 hours 
6 = > 4 hours 
 
Dichotomized as: 
< 2 hours (n=752) or  
≥ 2 hours (n=344) 
OHGS 
Kindergarten since 2 years of age Yes/no 
OHGS 
TV in the child’s bedroom Yes/no 
OHGS 
Frequency of breakfast and 
consumption of different food/drink 
items (with cut-offs) 
 
 
Breakfast was recorded as never or number of 
days/week 
 
Food items were recorded as frequency of 
consumption per day/week:  
1 = never 
2 = < 1 time/week 
3 = 1 time/week 
4 = 2-4 times/week 
5 = 5-6 times/week 
6 = daily 
7 = several times a day 
 
-Breakfast 
< 4 (n=30) or ≥ 4 per week (n = 1086) 
 
Food/drink item groups (per week):  
-Vegetables, <5 (n=554) or ≥ 5 (n=546) 
-Fruit, <5 (n=213) or ≥ 5 (n=894) 
-Sugar sweetened beverages,  
≤ 1 (n=764) or > 1 (n=343) 
-Sweets/snacks,  
≤ 1 (n=635) or > 1(n=474) 




Sociodemographic factors and health characteristics of parents and siblings 
Living in a municipality with >20 000 
inhabitants 
According to data obtained from Statistics Norway 
and postal codes 
Yes/no 
OHGS 
Maternal education above high school ≤ 12 years of school vs. > 12 years of school 
OHGS 
Paternal education above high school ≤ 12 years of school vs.  > 12 years of school 
OHGS 
Mother working Not working vs. full/part-time working or student 
OHGS 
Father working  Not working vs. full/part-time working or student 
OHGS 
Parents from non-Western countries Parents of Western origin (Europe, North 
America) vs.  one or both parent of non-Western 
origin 
OHGS 
Living with one caretaker Living with two caretakers (mother and father, 
mother/father with new partner or two foster 
parents) vs. living with one caretaker  
OHGS 
Siblings Number of siblings 
No siblings vs. ≥ 1 siblings 
OHGS 
Mother smoking Yes/no 
OHGS 
Current BMI mother (kg/m
2
) Calculated from weight and height values reported 
in the questionnaire  
OHGS 
Current BMI father (kg/m
2
) Calculated from weight and height values reported 
in the questionnaire  
OHGS 
BMI SDS average for siblings Based on current Norwegian growth references [3] 
Calculated from weight and height values reported 
by the parents in the questionnaire  
OHGS 
BMI category of mother Calculated from weight and height values reported 
by the parents in the questionnaire  
 
BMI categories according to WHO definitions: 
Underweight(UW):       < 18.50 
Normal weight (NW):   18.50-24.99 
Overweight (OW):         25.00-29.99 
Obesity (OB):                  > 30.00 
OHGS 
BMI category of father Calculated from weight and height values reported 
by the parents in the questionnaire  
 
BMI categories according to WHO definitions: 
Underweight(UW):       < 18.50 
Normal weight (NW):   18.50-24.99 
Overweight (OW):         25.00-29.99 
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Supplementary table 3. Effects of 1 SD increases in BW SDS and maternal BMI on childhood 
overweight and obesity in strata by maternal BMI and BW SDS, respectively, estimated from the 
multiple multinomial regression model 
1
 
                           
 
Stratifying variable 
                      Stratum 
BW SDS (continuous) 
Overweight 
(n = 73) 
OR 
Obesity 
(n = 25) 






          (n = 480) 
3.31  (1.82, 6.04) < 0.01 
 1.10 (0.47, 2.71) 0.84 
Overweight 
          (n = 195) 
3.28  (1.41, 7.63)  < 0.01 
 2.09 (0.70, 6.21) 0.19 
Obese 
          (n =  69) 
1.21  (0.38, 3.84) 0.74 
 2.16 (0.67, 7.02) 0.20 







         (n = 168) 
1.18  (0.98, 1.41) 0.08 
 1.03 (0.75, 1.42) 0.89 
Medium 
         (n = 485) 
1.26  (1.09, 1.45) < 0.01 
 1.23 (1.04, 1.45) 0.02 
High 
         (n = 106) 
0.97  (0.74, 1.28) 0.85 
 1.28 (0.93, 1.76) 0.12 
Abbreviations: BW SDS: birth weight standardization score; BMI: body mass index; OR: odds ratio; CI: 
confidence interval 
1
Adjusted for the other variables in Table 3 
2
Body mass index (kg/m
2
): Normal weight: BMI 18.5-24.9, Overweight: BMI 25-29.9, Obese: BMI ≥ 30. 
3
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1  | INTRODUC TION
The prevalence of overweight and obesity among children has in-
creased throughout the world, and the World Health Organization 
(WHO) estimates that 41 million children under five years of age are 
overweight or obese.1 In Norway,2 as in some other European coun-
tries,3 the prevalence of overweight and obesity among children may 
have stabilized over the last 10-20 years. Despite this development, 
16% of eight-year-old children,2 and 13%-17% of children aged 
2-19 years4 in Norway were overweight or obese in studies published 
during the last decade.
Children with obesity, and in particular adolescents, are at 
extremely high risk of being affected by obesity as adults,5 and 
intervention studies to treat overweight and obesity in child-
hood have generally had limited or no success.6-9 Furthermore, 
studies with some success have usually been evaluated after 
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Abstract
Aim: To examine the effect of a family-oriented multidisciplinary intervention pro-
gramme to curtail weight increase in young children with obesity.
Methods: Children who weighed more than one kilogram above the 97th percentile 
for height at the preschool assessment in Oppland County, Norway, were identified. 
Parents residing in one part of the county were invited to participate in a group-
based three-year intervention programme while the rest had no interventions. Body 
mass index (BMI) and family characteristics at entry and measurements at birth 
were explanatory variables, and change in BMI standard deviation score (SDS) the 
outcome measure. For the intervention group, outcome was also related to skinfold 
thicknesses, waist-to-height ratio and physical ability.
Results: The programme was completed by 31 families in the intervention and 33 in 
the control group. At entry, the respective median (interquartile) age was 5.83 (0.36) 
and 5.74 (0.66) years, and the BMI SDS 2.35 (1.06) and 1.95 (0.49), P = .012. The 
median decrease in BMI SDS was 0.19 in both groups. The decline increased with 
increasing BMI SDS at entry, but irrespective of group. Social or behavioural factor or 
other anthropometric measures were not associated with outcome.
Conclusion: The intervention programme had no effect on BMI SDS.
K E Y W O R D S
body mass index, child, intervention, obesity, standard deviation score
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short follow-up periods and may therefore have limited clinical 
significance since the risk of relapse may be high.6-9 However, 
the majority of studies have addressed children in mid or late 
childhood, and the chance of success may decrease with increas-
ing age.10
Our hypothesis was that intervention to curtail obesity is more 
effective when addressing young children when parents may have a 
greater impact on their child's behaviour. In a meta-analysis of chil-
dren younger than 11 years with obesity, the mean age at entry was 
less than seven years in only six of the studies, and the interven-
tions tended to be limited in terms of approach and involved person-
nel.6 Furthermore, the intervention lasted between 3 and 6 months 
in 18 of 20 studies, and effects were assessed shortly thereafter. 
Therefore, our aim was to compare the effect of a three-year, group-
based multidisciplinary intervention programme with no interven-
tion in children aged five to six years. The programme only involved 
the parents, and the purpose was to alter the lifestyle of the family 
and child. The parents’ perceived challenges as the intervention pro-
gressed were important in adjusting the programme to their specific 
needs. Our secondary aim was to identify potential success factors 
within the intervention group.
2  | METHODS
2.1 | Study population
We asked the public health nurses in Oppland County, Norway, to 
invite the parents of all the children who met for the school entry 
Key Notes
• Intervention programmes to treat obesity during child-
hood and adolescence have had limited success, but few 
studies have involved families of young children.
• This multidisciplinary and group-based programme 
which addressed parents of five-year-old children with 
severe overweight or obesity and lasted 2-3 years had 
no effect over no intervention on the median BMI 
standard deviation score.
• Anthropometric measures at entry, social or behavioural 
factors or attendance were not associated with outcome.
F I G U R E  1   Recruitment of families 
of 5- to 6-year-old children with severe 
overweight or obesity for intervention or 
no intervention. aIncluded at the request 



























Three year follow-up b
N = 31
Three year follow-up b
N = 33
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health assessment in 2007, to participate in a longitudinal cohort 
study on health and growth (Figure 1). Virtually all children attend 
this examination together with at least one of the parents. Of 1895 
children who met for the assessment, the parents of 1119 gave writ-
ten consent to participate. The parents completed questionnaires on 
health and habits for the children, and on demographic, socioeco-
nomic, health and lifestyle characteristics of the family.11 The public 
health nurses measured the child's weight and height and reported 
these measures together with the recorded weight and length at 
birth. For children of families who declined to participate, the public 
health nurse anonymously reported sex, age, height and weight at the 
time of recruitment, and we have previously reported that the partici-
pants were probably representative of the population.11
From the cohort, children who weighed at least one kilogram 
above the 97th percentile for height were identified as eligible for 
the study. Body mass index (BMI) charts were not available at the 
public health clinics, but this measure was close to the definition of 
obesity according to the International Obesity Task Force definition 
of obesity, although some of the children had a BMI slightly below 
this limit.12
Oppland is one of 20 counties in Norway. It covers 25 192 km2, 
has 26 municipalities and had a population of approximately 183 000 
in 2007. On behalf of the research group, the public health nurses 
in the six municipalities that were geographically closest to the two 
hospitals in the county were asked to invite the families of eligible 
children to participate in the intervention programme. These mu-
nicipalities had approximately 60% of the population in the county. 
They are mainly rural, but contain the only two cities in the county, 
each with 25 000-30 000 inhabitants. The other municipalities are 
rural with towns of variable sizes. The families from the other mu-
nicipalities and families who were not referred from the intervention 
municipalities served as controls.
Some families of children with obesity in the intervention mu-
nicipalities, who were not in the originally recruited group, became 
aware of the project and asked to be allowed to participate. These 
children were close in age and were included since a larger group 
allowed for a more accurate estimate of potential effects of the 
programme.
2.2 | Intervention and control programme
The intervention programme was organised in cooperation with the 
Learning and Mastery Service at the hospitals. This service is estab-
lished as part of the specialist health services in Norway, and the 
purpose is to promote health through group-based patient educa-
tion programmes aimed at promoting self-management for people 
living with chronic health challenges.13 The programme is led by 
nurses who are trained in providing guidance. Other relevant per-
sonnel participate according to specific needs. In this project, only 
the parents attended the group sessions. In addition to nurses, one 
or more of the following professions contributed at each session: 
paediatricians, nutritionists, physiotherapists and a psychologist. 
The various professionals participated according to a predetermined 
schedule early in the programme, but some variation evolved as 
needs was identified by the groups. The professionals gave practi-
cal advice regarding diet and physical activity, but in particular, they 
encouraged and participated in discussions on experienced chal-
lenges in changing lifestyles and on how to deal with them in terms 
of changing behaviour.
Each group consisted of 5-7 pairs of parents, and each session 
was scheduled to last 2.5 hours after working hours. The children 
were occupied in play under the supervision of a preschool teacher 
while the parents participated in the sessions. The intervention 
programme was planned to last three years. At the Learning and 
Mastery Service, the groups were scheduled to meet four times 
during the first year, twice during the second and one time during 
the third year. Between each of these sessions, each family (parents 
and the child) was invited once for discussions and assessments by 
the study nurses.
The no-intervention control children and their families received 
no information about the intervention programme and had no 
scheduled appointments with healthcare services during the three 
years of the study.
2.3 | Measurements
The weight and length at birth were measured by midwives and re-
ported to the public healthcare clinics. Comparisons between the in-
tervention and control group were based on routine measurements 
of height and weight around school entry and in third grade. Public 
health nurses performed these measurements according to national 
guidelines. The children were wearing light underclothes. Height 
was measured to the nearest millimetre and weight to the nearest 
100 g.14
In the intervention programme, the children were assessed by 
two specifically trained study nurses at entry and after each of 
the three years. The measurements included height, weight, tri-
ceps and subscapular skinfold thicknesses, abdominal circumfer-
ence and maximum walking distance on a 6-minute walk test.15 
Waist circumference was measured to the nearest millimetre, and 
waist-to-height ratio was calculated as the waist circumference di-
vided by the simultaneously measured height. The skinfolds were 
measured with a Holtain Tanner/Whitehouse skinfold calliper 
(Crosswell, Pembrokeshire, UK) and in a way that was identical to 
how Norwegian references were established.16,17 On the 6-minute 
walk test, the nurses recorded the length in metres as the children 
were able to walk during 6 minutes on a 50 metre lane.
BMI was calculated as weight/height2 (kg/m2). The standard de-
viation score (SDS) for the BMI, waist circumference, waist-to-height 
ratio and skinfolds of the children were based on current Norwegian 
growth references.17-19 The parents’ heights and weights were 
self-reported.
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2.4 | Explanatory and outcome measures
The BMI SDS at inclusion was the primary explanatory variable and 
the change in BMI SDS from entry to the end of the programme the 
primary outcome measure. In adjusted analyses, we included birth 
weight, child and family health, lifestyles and other characteristics 
reported at the study entry as possible confounders. Several of 
the descriptive ordinal variables were dichotomized in order to do 
meaningful comparisons.11 Hospital admissions were admissions for 
any cause from birth until the preschool assessment. Physical activ-
ity per week was reported as frequency of being active enough to 
experience heavy breathing or sweating.11 Place of residence was 
categorised as urban if they lived in one of the two cities. Asthma 
medication included medication for asthma attacks, inhaled corti-
costeroids and other maintenance medications.
2.5 | Statistical methods
Descriptive statistics are presented as percentages for categorical 
variables and as medians with interquartile range (IQR) for continu-
ous variables. Correlations are reported as the Pearson's correlation 
coefficient (r). We compared the intervention and control group with 
Mann-Whitney's U and Chi-square tests and performed a multiple 
linear regression analysis across both groups to test whether being 
in the intervention or the control group had a significant impact on 
the change in BMI SDS when adjusting for the registered exposures.
The power estimate was based on a Scandinavian study of 10- to 
11-year-old children with obesity where children in a family treat-
ment group achieved a mean BMI benefit of 1.7 kg/m2 after one year 
compared with a control group with no intervention.20 The eligible 
children in our study had a mean (standard deviation) BMI of 20.40 
(1.92) kg/m2. Although our children were younger and therefore had 
lower BMIs, an effect of 1.7 kg/m2 was considered possible since 
our study was designed to last for three years. With this premise, 
we calculated that 22 children had to be included in each group to 
detect such a difference with the statistical significance level of 5% 
and a power of 80%. However, since the study did not have a true 
randomised design and the intervention and controls groups varied 
on some variables, a larger number was desirable. We used intention 
to treat, in that all who had attended at least one of the sessions 
were included in the analyses.
Within the intervention group, we used the related-samples 
Wilcoxon signed-rank test to compare measures at entry and at the 
end. In order to assess which factors were associated with success, 
we performed simple and multiple linear regression analyses with 
change in BMI SDS as the outcome measure. In this model, we in-
cluded skinfold thickness as the mean of the sum of the triceps SDS 
and subscapular SDS measurements, and the waist-to-height ratio 
SDS. Our hypothesis was that relatively high values for a given BMI 
may suggest a higher fat deposit and therefore true obesity, while 
relatively low values may suggest a relatively high lean body mass. 
We used the number of attendances as proxy for motivation to 
change lifestyle. The regression analysis was performed in an all-in 
backward model, and the potential explanatory variables were se-
lected from earlier literature and the strength of association in the 
post-hoc bivariate analyses. Results are reported as estimated re-
gression coefficients (b), P values and determination coefficient (R2).
P values ≤ .05 were considered statistically significant. The SPSS 
Statistics for Windows, Version 23.0 (IBM Corp., NY, USA) was used 
for all analyses. The BMI SDS, skinfolds SDS, waist circumference and 
waist-to-height ratio were calculated in R.2.6.0 (The R Foundation 
for Statistical Computing, Vienna, Austria) using Norwegian growth 
references.16-19
2.6 | Ethical considerations
The study was approved by the Regional Committee on Medical 
Research Ethics (REK 1.2006.3491) and the Norwegian Data 
Protection Official for Research (02-2006 SI). One of the patents 
gave written consent. The study was registered at ClinicalTrials.gov 
(NCT00458224) before recruitment.
3  | RESULTS
3.1 | Comparing the intervention and control group
Figure 1 describes the recruitment of subjects. Of 63 originally eli-
gible children, 38 lived in the municipalities of recruitment for in-
tervention. The 25 families from the other municipalities and 17 
families from the recruitment area who were not referred for inter-
vention served as controls. An additional 19 children of similar age 
from the intervention municipalities were included at the request of 
the parents. Data from both the entry and the end of the programme 
were available for 31 children in the intervention and 33 in the con-
trol group. In the intervention group, three children were born in 
1999, 11 in 2000, 12 in 2001 and five in 2002. In the control group, 
one was born in 2000 and 32 in 2001. The measurements at entry 
of the children who were lost to follow-up (Figure 1) did not differ 
from those who completed the comparison study (data not shown).
The children in the intervention group had a higher median 
weight, BMI and BMI SDS at entry and a higher BMI SDS at the end 
of the intervention than the control group, but the median increase 
in BMI (Δ BMI 2.02 vs 1.95 kg/m2) and decline in BMI SDS (Δ BMI 
SDS 0.19 in both groups) did not differ (P = .731, Table 1). The fa-
thers in the intervention group had a somewhat higher median BMI, 
and a higher proportion of the parents were of the opinion that their 
child looked overweight. Due to the study design, a higher propor-
tion of the families in the intervention group lived in the two cities. 
The median time interval between the measurements tended to be 
shorter for the intervention than the no-intervention group (2.05, 
IQR 1.23 vs 2.59, IQR 1.65) years, P = .119. There were no other sig-
nificant differences between the groups (Table 1). The Δ BMI and 
Δ BMI SDS did not differ between the controls recruited from the 
     |  1247MJELL DONKOR Et aL.
TA B L E  1   Characteristics of the children with severe overweight or obesity and their families, and change in anthropometric 
measurements following intervention or no intervention in Oppland county, Norway
Child characteristics Intervention (n = 31) No intervention (n = 33)  
Continuous variables Median (IQR)a Median (IQR)a P-valueb
Birth weight, kg 3.62 (0.80) 3.72 (0.78) .466
BMI SDS at birthc −0.11 (1.43) 0.07 (1.35) .287
Age at entry, years 5.83 (0.36) 5.74 (0.66) .979
Age at the end, years 7.84 (1.20) 8.42 (1.65) .066
Height at entry, cm 119.00 (6.00) 118.00 (8.00) .261
Height at the end, cm 133.20 (10.00) 135.00 (16.00) .476
Weight at entry, kg 30.00 (7.40) 27.60 (3.00) .012
Weight at the end, kg 40.30 (14.90) 39.00 (14.90) .481
BMI at entryd, kg/m2, 20.83 (3.21) 19.32 (1.26) .005
BMI at the end, kg/m2 22.94 (5.24) 21.89 (4.37) .078
Δ BMIe, kg/m2, 2.02 (3.32) 1.95 (3.76) .825
BMI SDS at entry 2.35(1.06) 1.95 (0.49) .012
BMI SDS at the end 2.25 (0.90) 1.86 (0.64) .018
Δ BMI SDS −0.19 (0.73) −0.19 (0.76) .731
Binary variables Prevalence (%) Prevalence (%) P-valuef
Sex, girls 54.8 57.6 .825
Hospital admissions 50.0 18.2 .007
Screen time > 2 hours per day 33.3 46.9 .277
Physical activity > 2 times per week 70.0 93.5 .017
TV in the child's bedroom 36.7 25.0 .319
Asthma medication after 2 years 
age
13.3 28.1 .153
Kindergarten since 2 years of age 92.3 81.3 .225
Prematurity, 3.3 3.0 .945
Sleep problems after 2 years of age 10.0 6.1 .563
Breastfeeding > 4 months 61.1 63.2 .898
Dental caries 23.3 27.3 .720
Familycharacteristics Intervention (n = 31) No intervention (n = 33)  
Continuous variables Median (IQR) Median (IQR) P-valueb
BMI mother, kg/m2 27.39 (6.64) 26.07 (8.01) .317
BMI father, kg/m2 30.09 (6.30) 27.66 (5.80) .039
Number of siblings 1.00 (2.00) 1.00 (1.00) .513
Binary variables Prevalence (%) Prevalence (%) P-valuef
Maternal education above high 
school
37.9 30.3 .527
Urban livingg 45.2 18.2 .020
Smoking by family member 56.7 51.5 .682
Parents think child looks overweight 89.3 33.3 <.0005
Living with single parent 36.7 24.2 .283
aInterquartile range. 
bMann-Whitney U test. 
cBody mass index, standard deviation score. 
dBody mass index. 
eBody mass index at the end minus at the entry of the study. 
fChi-square test. 
gLiving in one of the two cities. 
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intervention municipalities and the no-intervention municipalities 
(data not shown).
In the multiple linear regression analysis of the whole cohort, we 
included the BMI SDS at birth and at entry to the study, the BMI of 
parents, relevant measures of health and lifestyles, the demographic 
variables in Table 1, and the categories intervention vs no-intervention 
group as exposures, and Δ BMI SDS as outcome. A higher BMI SDS at 
entry was associated with a larger decrease in BMI SDS (b = −0.376, 
P = .002, R2 = 0.154), but independent of being in the intervention or 
no-intervention group. Other variables were of no significance.
3.2 | The intervention group
All the measurements at entry and at the end of the programme 
were available for 29 of the children in the intervention group. The 
median number of attendances was eight (range 1 to 16); three 
group attendances at the Learning and Mastery Service (range 0 to 
7) and five (range 1 to 9) meetings for individual nurse guidance and 
measurements. Eleven of the 29 families attended all the planned 
sessions at the Learning and Mastery Service and the nurse guid-
ance meetings.
The median BMI SDS, but not the median of the mean of the 
skinfold thickness SDS or waist-to-height ratio SDS, was significantly 
lower after three years of intervention than at entry (Table 2). The 
BMI SDS was closely related to the median of the mean skinfold SDS 
(r = 0.864 at entry and r = 0.825 at the end, P < .005 for both) and 
to the waist-to-height ratio (r = 0.833 and r = 0.785, P < .005 for 
both). The results for the 11 children of families who attended all 
the sessions did not differ from those of the rest of the group (data 
not shown). In the multiple linear regression analysis, a higher BMI 
SDS at entry was associated with a larger reduction in BMI SDS, but 
none of the other exposures were associated with a change in BMI 
SDS (Table 3).
The parents’ weight at entry and the end of the programme was 
known for 21 mothers and 15 fathers. Their median weight did not 
change (median difference 0.00 kg).
4  | DISCUSSION
In this study of children aged 5-6 years with severe overweight or 
obesity, a multidisciplinary educational intervention programme 
with the intention to change family and child lifestyles had no effect 
over no intervention on the development of BMI. Both the interven-
tion and the no-intervention group experienced the same moderate 
reduction in BMI SDS, and potential confounders had no significant 
effects on outcome, neither when comparing the two groups nor 
within the intervention group. In particular, adherence to the inter-
vention programme and skinfold thickness at entry were not associ-
ated with change in BMI SDS, suggesting that motivation on part of 
the parents and relative fat mass did not affect outcome.
Cochrane reviews of randomized controlled trials suggest that 
there were no convincing evidence of significant and persistent 
weight-reducing effects from published studies involving inter-
ventions on diet, physical activity or other behaviour in children 
with a mean age 10 years7 or adolescents 8 with obesity. In the 
study of Mead et al, the overall benefit in favour of interventions 
over usual care was only a BMI SDS score of 0.06, (95% CI 0.10 
to 0.02) units at 6-36 months of follow-up. Furthermore, in 13 of 
the 27 included studies, the SDS score declined as much in the 
control as in the intervention group.7 In another Cochrane review, 
parent-only interventions were as effective as parent-and-child 
interventions in 5- to 11-year-old children, but minimally more 
TA B L E  2   Development of anthropometric measurements and 6-minute walk test in the intervention group during the three-year 
multidisciplinary intervention programme
Variables (medians and IQR)a Entry (n = 29) 3 years (n = 29) Pb
Age, years 6.58 (1.49) 9.61 (1.83) <.005
Height, cm 125.00 (11.35) 141.20 (8.25) <.005
Weight, kg 35.50 (8.40) 50.70 (15.80) <.005
BMI, kg/m2,c 21.76 (4.06) 24.54 (6.89) <.005
BMI SDSd 2.36 (0.93) 2.06 (1.06) .008
Subscapular skinfold SDS 2.20 (1.10) 1.87 (0.67) .016
Triceps skinfold SDS 2.23(1.28) 2.20 (0.82) .272
Median mean skinfold SDS 2.08 (1.22) 2.11 (0.77) .010
Waist circumference SDS 2.51 (1.08) 2.57 (0.55) .079
Waist-to-height ratio SDS 2.30 (0.94) 2.64 (0.87) .498
6-minute walking test, metres1 540.00 (109.00) 705.00 (129.00) .001
aInterquartile range. 
bRelated-Samples Wilcoxon signed-rank test. 
cBody mass index. 
dStandard deviation score. 
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effective than for waiting list controls.6 In a meta-analysis of few 
studies on preschool children, an intervention on diet, physical ac-
tivity and behaviour had a significant, but slight, beneficial effect at 
12-18 months of follow-up.21 However, the quality of evidence was 
estimated as low or very low, particularly for the youngest groups. 
The median decline in BMI SDS in our intervention group of 0.19 
was similar to the mean decline of 0.20 in the systematic review by 
O’Connor et al on weight-reducing trials among children and ado-
lescents.8 Our results were also similar to the mean decline of 0.22 
in a Swedish study on children aged 8-12 years with obesity who 
attended different treatment programmes.22 The Swedish study 
had no controls without interventions, and it is remarkable that our 
non-intervention control group had the same decline, suggesting 
that the intervention had no effect over the general public atten-
tion on childhood obesity in Norway.
Within our intervention group, the children with the highest BMI 
SDS score had the largest decline in the SDS score. However, this 
was equally true for our non-intervention group and was probably 
not a specific effect of the intervention programme. It is noticeable 
that presumed risk factors were not associated with failure to de-
crease the BMI SDS. For instance, limited attendance to the pro-
gramme, which may imply lack of motivation, dental caries, which 
may be suggestive of unhealthy dietary and other behaviour, lower 
parental education, and single parenthood were not associated with 
outcome. One explanation why extent of physical activity was not 
associated with outcome may be that physical activity at this young 
age is mainly related to play. It is likely that the children had similar 
activity in play since almost all of them were in day care from at least 
two years of age and thereafter in school where play is an important 
activity during the first years.
As in most studies, we used changes in BMI SDS as the primary 
outcome. By using standard deviation scores, the effect of minor 
differences in age and time interval between measurements was 
limited. However, it has recently been argued that a decrease in BMI 
SDS with age in children may not necessarily mean a decrease in the 
degree of obesity because the SDS of BMI may not accurately cor-
rect for age, sex and degree of obesity.23 Therefore, a reduction in 
BMI SDS of around 0.20, as obtained in the present and most other 
studies on children, may not necessarily mean a decrease in degree 
of obesity.23
The referred Cochrane studies conclude that studies to prevent 
or treat obesity in children are generally of low quality. Likewise, 
our study has several limitations. The number of participants was 
limited. However, it is unlikely that a larger study would have shown 
an effect since the decline in both the median and variation in BMI 
SDS were almost identical in the intervention and the no-interven-
tion group. The two groups differed somewhat in several aspects, 
partly due to the recruitment process and partly due to different 
routines between municipalities related to time of measurements 
around school entry and in third grade. Unpredictable effects of 
these differences were reduced by adhering to standard devia-
tions scores in the analyses. It may be argued that the higher me-
dian BMI at entry of the intervention group may have masked an 
TA B L E  3   Results from linear regression analyses of differences 
in body mass index standard deviation score (BMI SDS difference) 
from entry to the end of the intervention programme after three 





Betac P Betac P
Birth weight 0.199 .351   
Age at entry 0.183 .116 0.227 .041
BMI SDS at entry −0.451 .011   
Mean skinfold SDS 
at entry
−0.310 .069 −0.340 .031
Waist-to-height 
ratio SDS at entry
−1.572 .392   
Walking test 0.001 .225   
Number of 
attendances
0.018 .467   
Adherence in the 
interventiond
0.312 .179   
Sex (girls) 0.502 .029   
Hospital admissions 0.159 .502   
Screen time >2 h 
daily
0.508 .035   
Physical activity >2 
times/week
−0.294 .273   
TV in the child's 
bedroom
−0.121 .631   
Asthma medication 
(>2 y age)
−0.510 .172   
Kindergarten since 
2 years old
−0,009 .986   
Prematurity 
(<37 weeks GA)
−0.387 .536   
Sleep problems 
>2 years of age
−0.530 .155   
Breastfeeding 
>4 months
−0.018 .918   
Dental caries −0.443 .141   
BMI mother 0.017 .484   
BMI father −0.015 .651   
Number of siblings 0.024 .843   
Maternal education 
above high school
0.142 .528   
Urban area −0.109 .636   
Smoking by family 
member
−0.124 .595   
Parents think child 
look fat
0.376 .339   
Living with single 
parent
−0.080 .750   
aBold indicates the significant P-values in the unadjusted analysis. 
bAfter backward stepwise exclusion of variables. 
cA positive beta means increased risk of a positive BMI SDS, that is an 
increase in BMI SDS from start to 3 years. 
dAttended all the sessions (n = 11) vrs. less (n=18). 
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effect. However, the significance of BMI at entry was the same in 
the two groups. Furthermore, the families who participated in the 
intervention programme were probably more motivated for treat-
ment than many families in the no-intervention group since most 
of them, as opposed to the no-intervention group, expressed that 
their children look overweight. In particular, the families who par-
ticipated on request expressed a concern for their children's health. 
It is therefore likely that potential effects of confounding would be 
in favour of the intervention group. Randomized controlled trials 
are considered the gold standard when studying effects of inter-
ventions, but we chose to include families on basis of geographical 
closeness to the hospitals for two reasons: the county is large, and 
the distance to the other municipalities would make it difficult for 
families to attend. Furthermore, a true randomization could pos-
sibly have introduced an unrecognized intervention effect from 
spill-over within the municipalities. Such concern has been raised 
in randomized intervention studies where one arm is generally ac-
cepted as preferable.24,25 Despite this concern, we chose to include 
eligible children in the intervention municipalities who were not re-
ferred as controls to account for all eligible children in the county. 
In these municipalities, a spill-over effect was also unlikely since 
the intervention programme was conducted outside the municipali-
ties and no information about the programme was publicised during 
study period. This assumption was strengthened by the finding that 
their development in measurements did not differ from the rest of 
the no-intervention controls. The analyses of associations between 
outcome and factors that were considered potential predictors of 
success or failure of the programme must be interpreted with cau-
tion due to lack of power.
5  | CONCLUSION
Our multidisciplinary and relatively long-term approach adds to 
studies that have failed to significantly decrease severe overweight 
and obesity in children. The similar reduction in BMI SDS in our in-
tervention and no-intervention groups may suggest that a high na-
tional focus on overweight and obesity in children, including societal 
facilitations to encourage protective lifestyles, is the most important 
approach to curtail the obesity epidemic among children.
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